CHAPTER 9 Test Cases

CFL3D provides multiple options for solving CFD problems. &riety of 0-equation,
1l-equation, and 2-equation tuibnce models arevailable. The code has static or
dynamic mesh capabilities. If the grid has multiple zones, there @eakehoices for
communication between the zones which can be used independently or in conjunction
with one anotherFor corvergence acceleration, multigrid and mesh sequencingvaile a
able.

The test cases described in this chaptevigeoa sampling of CFL3[3’ capabilities.
After studying the test cases, the user will hopefully be able to choose the begy $trate
his or her particular applicationsoFinformation on hav to obtain the files needed for the
test cases se@Acquiring the Code and Example Files” on page

Several two-dimensional test cases discussed in this chaptelvenairfoils and flat
plates. The use of a single block iemplified with a RAE 2822 airfoil case. AACA
0012 airfoil case is used as atample for both grid patching and grideslapping. Also
included is a multielement airfoil caseyaiving grid overlapping. The flat platexamples
include a turhlent flat plate case and a vibrating flat plate case which illustrates the
dynamic mesh capabilities of CFL3D. Also included are a multistream nozzle case and a
rotor-stator case.

One three-dimensionakample is for an axisymmetriaimp. By taking adantage of
periodicity, it is soled on a grid with only tev planes in the circumferential direction.
Three of the three-dimensionalaenples are for wing topologies. A single block case is
set up for an F-5 wing. A case solving for the viscous theer the Onera M-6 wing is
also set up using a single block. A delta wing case with laminarifialso mailable.
Keep in mind that, in order to v& cases that are “quick” to run, the three-dimensional
grids used in some of thesgaenples are relately coarse compared to what asteould
use to adequately reselthe flov.

Note: you may see slight tBfences in your results, due to errors in CFL3D the¢ ha
been corrected since the plots in this chapter were generated.

9.1 Two-dimensional dst Cases

CFL3D solhes for the primitre variables at theell centes of a grid. Therefore, for
two-dimensional casesyo grid planes are needed for one plane of cell-center points to
exist. The “2-d direction” is the direction designated by settinggm = 2 (andi2d = 1).
Typically, after a 2-d grid is generated, it is simply duplicated such that identical planes
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exist ati =1 andi = 2 with a constantalue in the third direction.df example, ifx is the

third direction,x is typically set to 0.0 at = 1 andx might equal 1.0 or —1.0 at= 2.
When setting up the third direction by duplicating the grid plaeepkn mind that the
right-hand rulemustbe satisfied. See “The Right-Hand Rule” on p@geAlso note that,
while this steps doubling the number of grid points, ordye plane of data is actually
computed. Therefore, the number of point®me plane of the grid should be used when
estimating the time required to run the code.

9.1.1RAE 2822 Airfoil

This test case sadg for the viscous flo over the RAE 2822 airfoil att = 2.72° with
M_, = 0.75. These are corrected conditions from Case 10 of Cookatha.grid consists

of a single zone with 24929 points in one plane. Menter w SST model is used to
solve the turblent flov with a Rgnolds number of 6.2 million. The memory requirement
for this ekample is 5.7 million wrds. A typical timing for this case is 382 CPU seconds on
a CRAY YMP (NASA LaRC's Sabre as of June 1996). A close-up of the grid near the air-
foil is shavn in Figure9-1.

0.5

0.0

1

IR

0.0 0.5 1.0

Figure 9-1. Single zone RAE 2822 airfoil grid.
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9.1.1 RAE 2822 Airfoil

Besides the CFL3D code, the folling files are needed to run this test case:

Eile Description

rael0.inp input for CFL3D

rael0. grd formatted single plane grid

gri d2dto3d. f converter for creating 2 grid planes

The steps for running this case on the YMP are asifsilo

Step 1

Compile the grid corerter code:
cft77 grid2dto3d.f

Step 2
Link the grid cownerter object file:
segl dr -0 grid2dto3d grid2dto3d. o

Step 3

Run the grid coverter program (the binary fiteae10. bi n will be output):
gri d2dt o3d

In answer to the questions, type:

rael0. grd
rael0. bin
2
0

Step 4

Use the madfile to compile, link, and create thgeeutable for ther ecf| 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 5
Run thepr ecf | 3d code (thef | x. h files will be output):
precfl3d < rael0.inp

Step 6
Use the madfile to compile, link, and create theeeutable for the CFL3D code:
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make -f makecfl 3d_cray

Step 7

Run the CFL3D code:
cfl13d < rael0.inp

The input file for this case is:

FI LES:
rael0. bin
pl ot 3dg. bi n
pl ot 3dg. bi n
cfl 3d. out
cfl3d.res
cfl 3d.
cfl 3d.
cfl 3d.
cfl 3d.
cfl 3d.
ovrlp.bin
patch. bin
restart.bin

out 15
pr out
out 20

turres
bl omax

RAE case 10, with SST nodel

XNVACH ALPHA BETA REUE, M L TI NF, DR | ALPH | HSTRY
0. 7500 02.720 0.0 6. 2000 460. 0 0 0
SREF CREF BREF XMC YMC ZNC
1. 00000 1. 00000 1. 0000 0. 00000 0. 00 0. 00
DT | REST | FLAGTS FMAX | UNST CFLTAU
-5. 0000 0 000 05. 0000 0 10.0
NGRI D NPLOT3D NPRI NT NVREST | CHK 12D NTSTEP I TA
1 1 1 6100 0 1 0001 1
NCG IEM I|ADVANCE  |FORCE IVISC(l) IVISC(J) I|VISCK)
2 0 0 1 0 0 7
I DI M JDI M KDI M
2 257 97
| LAMLO | LAVHI JLAMLO JLAVHI KLAMLO KLANMH
1 2 88 159 1 97
I NEWG | GRI DC 1S JS KS | E JE KE
0 0 0 0 0 0 0 0
IDIAG(I) IDIAGJ) IDIAGK) [IFLIMI) IFLIMJ) |FLIMK)
1 1 1 3 3 3
IFDS(1)  IFDS(J) IFDS(K) RKAPO(1) RKAPO(J) RKAPO(K)
1 1 1 0. 3333 0. 3333 0. 3333
QR D NBCI 0 NBCI DI M NBCJO NBCIDI M NBCKO NBCKDI M | OVRLP
1 1 1 1 1 3 1 0
1 0: QR D SEGVENT BCTYPE JSTA JEND KSTA KEND NDATA
1 1 1001 0 0 0 0 0
IDM G&RID SEGVENT BCTYPE JSTA JEND KSTA KEND NDATA
1 1 1002 0 0 0 0 0
JO: QR D SEGVENT BCTYPE | STA | END KSTA KEND NDATA
1 1 1002 0 0 0 0 0
JDOM &R D SEGVENT BCTYPE | STA | END KSTA KEND NDATA
1 1 1002 0 0 0 0 0
KO: QR D SEGVENT BCTYPE | STA | END JSTA JEND NDATA
1 1 0 0 0 1 41 0
1 2 2004 0 0 41 217 2
TWYPE oQ
0. 0.
1 3 0 0 0 217 257 0
KDOM GRID SEGVENT BCTYPE | STA | END JSTA JEND NDATA
1 1 1003 0 0 0 0 0
MSEQ MGFLAG | CONSF MI'T NGAM
1 1 0 0 02
| SSC EPSSSC(1) EPSSSC(2) EPSSSC(3) | SSR EPSSSR(1) EPSSSR(2) EPSSSR(3)
0 0.3 0.3 0.3 0 0.3 0.3 0.3
NCYC MGELEVG NEMGL NI TFO
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9.1.1 RAE 2822 Airfoil

500 03 00 000
MT1 M T2 M T3 M T4 M T5 M T6 M T7 M T8
01 01 01 01 01 1 1 1
1-1 BLOCKI NG DATA:
NBLI
1
NUMBER GRID : ISTA  JSTA KSTA |IEND JEND KEND |[|SVAl | SVA2
1 1 1 1 1 2 41 1 1 2
NUMBER GRID : ISTA  JSTA KSTA |IEND JEND KEND |[|SVAl | SVA2
1 1 1 257 1 2 217 1 1 2
PATCH SURFACE DATA:
NI NTER
0
PLOT3D OUTPUT:
GRI D | PTYPE | START IEND 1INC JSTART JEND JINC KSTART KEND  KINC
1 0 1 01 1 01 999 1 1 999 1
MoVl E
0
PRI NT QUT:
GRI D | PTYPE | START IEND IINC JSTART JEND JI NC KSTART KEND  KINC
1 0 1 01 1 41 217 1 1 1 1
CONTROL SURFACE:
NCS
0

GRI D | START IEND JSTART JEND  KSTART KEND [WALL | NORM

After running this test case a result such as thatvishia Figure9-2 should be
obtained. In the figure, sade pressure cdafients are plotted along withxperimental
data for this case. The computational acef pressures can be obtained from file
cf I 3d. prout . Experimental sudce pressure cdafients from Cook et. & are included
with this test case for comparison purposes. The file is calkexd. cpexp. The residual
plots shavn in Figure9-3 should also be duplicated. Thesevemgence histories can be
found incf1 3d. res.
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Figure 9-2. Surface pressure cdafients for RAE 2822 airfoil;
o =272, M, =0.75Re; = 6.2x 10°.
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Figure 9-3. Residual and co@gient histories for RAE 2822 airfoil case;
o = 272, M, =0.75Re; = 6.2x 10°
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9.1.2 NACA 0012 Airfoil with Overlapped Grids

9.1.2NACA 0012 Airfoil with Overlapped Grids

This test case sabg for the imiscid flov over the MACA 0012 airfoil ata = 5° with
M, = 0.2. The grid has a total of 4850 points on twid zones which communicate with
one another throughverlapped grid stencils. Therefore, the MaGGIE code is used in
addition to CFL3D. The memory requirement for this case is 1.8 millandsv A typical

timing for this case is 43 CPU seconds on a TRMP (NASA LaRC's Sabre as of June
1996). A close-up of the grid near the airfoil iswhan Figure9-4.

Figure 9-4. TWO-zone @erlapped grid system forACA 0012 airfoil.

Besides the CFL3D and MaGGiE codes the toihg files are needed to run this test
case:

Eile Description

0012x. i np input for CFL3D

0012x. f nt formatted grid in PLO3D format
f nt t obi n_p3d. f grid corverter

magl. h parameters for MaGGIE mafile
maggi e. i np input for MaGGIE

The steps for running this case on the YMP are asisilo
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Step 1

Compile the grid corerter code:
cft77 fnttobin_p3d.f

Step 2

Link the grid comerter object file:
segldr -o fnttobin_p3d fnttobin_p3d.o

Step 3

Run the grid coverter program (the binary fi®12x. bi n will be output):
fnttobin_p3d

Step 4

Use the madfile to compile, link, and create theeeutable for the MaGGIE code (be sure
magl. h is in the current directory):

make -f nmakemaggi e _cray

Step 5
Run the MaGGIiE code (the fiter | p. bi n will be output):

nmaggi e < maggi e.inp

Step 6

Use the madfile to compile, link, and create thgeeutable for ther ecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 7

Run thepr ecf | 3d code (the:f I x. h files will be output):
precfl 3d < 0012x.inp

Step 8
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 9
Run the CFL3D code:
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9.1.2 NACA 0012 Airfoil with Overlapped Grids

cfl3d < 0012x.inp

The input file for this case is:

1/0 FILES
0012x. bin

pl ot 3dg. bin
pl ot 3dq. bin
cfl 3d. out
cfl3d.res
cfl3d.turres
cfl 3d. bl omax
cfl 3d. out 15
cfl 3d. prout
cfl 3d. out 20
ovrl p.bin
patch. bin
restart.bin

2-block 0012 airfoil as sinple chinera test

XMACH ALPHA BETA REUE, ML TINF DR | ALPH
. 200 5. 000 0.0 0.0 520. 0 1
SREF CREF BREF XNC YMC ZMC
1.00000  1.00000  1.0000  0.25000 0. 00 0. 00
DT REST | FLAGTS FMAX UNST  CFLTAU
-5.00 0 000 1. 00 0 10.
NGRID NPLOT3D  NPRINT  NWREST | CHK | 2D
-2 2 0 100 0 1
NCG IEM |ADVANCE I FORCE IVISC(l) |VISC(J)
2 0 0 0 0 0
2 0 0 1 0 0
IR, JDI'M KDl M
002 65 25
002 129 25
[LAMLO | LAMHI JLAMLO  JLAMHI KLAMLO  KLAMHI
00 00 000 000 0 0000
00 00 000 000 0 0000
INEWG | GRIDC 'S JS KS IE
0 0 0 0 0 0
0 0 0 0 0 0
IDAG(1) IDIAGJ) IDIAGK) IFLIMI) IFLIMJ) [|FLIMK)
1 1 1 0 0 0
1 1 1 0 0 0
IFDS(1) IFDS(J) IFDS(K) RKAPO(1) RKAPO(J) RKAPO(K)
1 1 1 . 3333 . 3333 . 3333
1 1 1 . 3333 . 3333 . 3333
GRID NBCIO  NBCI DI M NBCJO  NBCIDI M NBCKO
1 1 1 1 1 1
2 1 1 1 1 1
10 GRID SEGMVENT  BCTYPE JSTA JEND KSTA
1 1 1002 0 0 0
2 1 1002 0 0 0
IDM GRID SEGVENT  BCTYPE JSTA JEND KSTA
1 1 1002 0 0 0
2 1 1002 0 0 0
JO: GRID SEGMENT  BCTYPE | STA | END KSTA
1 1 0 0 0 0
2 1 0 0 0 0
JD'M GRID SEGMENT  BCTYPE | STA | END KSTA
1 1 0 0 0 0
2 1 0 0 0 0
KO: GRID SEGMENT  BCTYPE | STA | END JSTA
1 1 0 0 0 0
2 1 1005 0 0 0
KDOM GRID SEGVENT  BCTYPE | STA | END JSTA
1 1 1003 0 0 0
2 1 0 0 0 0
MSEQ  MGFLAG | CONSF MIT NGAM
1 1 1 0 01
ISSC EPSSC(1) EPSSC(2) EPSSC(3) I SSR EPSSR(1)
0 .3 .3 .3 0 .3

| HSTRY
0

NTSTEP I TA

1 1
I VI SC( K)
0
0

JE KE

0 0

0 0

NBCKDI M | OVRLP

1 1
1 1
KEND NDATA
0 0
0 0
KEND NDATA
0 0
0 0
KEND NDATA
0 0
0 0
KEND NDATA
0 0
0 0
JEND NDATA
0 0
0 0
JEND NDATA
0 0
0 0

EPSSR(2) EPSSR(3)
.3 .3
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NCYC MALEVG
500 03
MT1 M T2
01 01
1-1 BLOCKI NG DATA:
NBLI
2
NUMBER GRID
1 1
2 2
NUMBER GRID
1 1
2 2
PATCH SURFACE DATA:
NI NTER
0

PLOT3D OUTPUT:

GRI D | PTYPE | START
0 1
0 1
MOV

oOmNE

PRI NT QUT:

GRI D | PTYPE | START
CONTROL SURFACE:
NCS

0
GRI D | START

| END

NEMGL
00

M T3
01

| END
001
001

| END

JSTART

NI TFO
000
M T4 M T5
01 01
JSTA  KSTA |END JEND KEND
1 1 2 1 25
1 1 2 1 25
JSTA KSTA |END JEND KEND
65 1 2 65 25
129 1 2 129 25
I'I'NC JSTART JEND  JI NC KSTART
1 01 999 1 1
1 01 999 1 1
I'I'NC JSTART JEND  JI NC KSTART
JEND  KSTART KEND | WALL

KEND
999
999

KEND

I NORM

The residual and cdefient histories for this case are plotted in Figé+®

KI NC
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9.1.2 NACA 0012 Airfoil with Overlapped Grids

log(residual)

74 2+
-6 CQ 1k
-8 0
—10 L | L | L | L | L | —1 L | L | L | L | L |
0 100 200 300 400 500 0 100 200 300 400 500
cycles cycles
a) residual history b) lift coefficient history
1.5 0.5
1.0 |
0.0
0.5
I Cm
0.0 ﬁww
~05 |
~0.5 |
—-1.0 | | | | | | | | | | —-1.0 | | | | | | | | | |
0 100 200 300 400 500 0 100 200 300 400 500

cycles cycles

c) drag coefficient history d) moment coefficient history

Figure 9-5. NACA 0012 with eerlapped grids residual and c&@ént histories;
a=5,M, =0.2
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9.1.3NACA 0012 Airfoil with Rtched Grids

This test case sabg for the imiscid flov over the MACA 0012 airfoil ata = 1.25°
with M, = 0.8. The grid has a total of 4949 points imesezones which communicate

with one another utilizing the patching option. Therefore, the ronnie code is used in addi-
tion to CFL3D. An adantage of using patched grids is that finer grids can be placed in
high gradient rgions while relatiely coarser grids can be placed ellsere thus reducing

the CPU time and memory needed. In this case, the finest grids are located giotie re
where the upper andv@r shocks arexpected to occur in order to better regothese

flow phenomena. The memory requirement for tikemgple is 1.9 million wrds. A typi-

cal timing is 87 CPU seconds on a CRAMP (NASA LaRC'’s Sabre as of June 1996). A
close-up of the grid near the airfoil is sftoin Figure9-6. In the figure, the grids are
labelled one through gen and this is the grid order in which the information is set up in
the input file.

Figure 9-6. Seven-zone patched grid system fohGA 0012 airfoil.

Besides the CFL3D and ronnie codes the Yalhg files are needed to run this test
case:

Eile Description
0012.inp input for CFL3D
0012. f mt formatted grid
fnttobin.f grid corverter
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9.1.3 NACA 0012 Airfoil with Patched Grids

Eile Description
ronl.h parameters for ronnie mefile
ronnie.inp input for ronnie

The steps for running this case on the YMP are asafsilo

Step 1

Compile the grid corerter code:
cft77 fnttobin.f

Step 2

Link the grid comerter object file:

segldr -o fnttobin fnttobin.o

Step 3

Run the grid coverter program (the binary fi®12. bi n will be output):
fnttobin

Step 4

Use the madfile to compile, link, and create theeeutable for the ronnie code (be sure
ronl. h is in the current directory):

make -f nakeronnie_cray

Step 5
Run the ronnie code (the fipat ch. bi n_0012 will be output):

ronnie < ronnie.inp

Step 6

Use the madfile to compile, link, and create thgeeutable for ther ecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 7

Run thepr ecf | 3d code (the:f I x. h files will be output):
precfl3d < 0012.inp
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Step 8
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 9
Run the CFL3D code:
cfl3d < 0012.inp

The input file for this case is:

I/ O FILES
0012. bin

pl ot 3dg. bi n

pl ot 3dg. bi n
cfl3d. out
cfl3d.res
cfl3d.turres
cfl 3d. bl omax
cfl3d. out 15
cfl 3d. prout
cfl3d. out 20
ovrlp.bin

pat ch. bi n_0012
restart.bin
input for 7 block patched 0012 grids - iopt = 1 in assenble.f

XMACH ALPHA BETA REUE,ML TINF, DR IALPH | HSTRY
0. 80 1.25 0.0 0. 000 122.0 0 0
SREF CREF BREF XMC YMC ZMC
1.00000  1.00000 1.0000  0.25000 0.00 0. 00
DT | REST | FLAGTS FIMAX IUNST  CFLTAU
-5.00 0 000 1. 00 0 10.0
NGRID NPLOT3D  NPRINT  NWREST | CHK 12D  NTSTEP I TA
7 7 0 100 0 1 1 1
NCG IEM 1ADVANCE  |FORCE IVISC(I) IVISC(J) |WVISC(K)
1 0 0 0 0 0 0
1 0 0 1 0 0 0
1 0 0 1 0 0 0
1 0 0 1 0 0 0
1 0 0 1 0 0 0
1 0 0 1 0 0 0
1 0 0 0 0 0 0
DI M JDI'M KDl M
2 65 13
2 23 25
2 79 25
2 15 25
2 17 25
2 13 49
2 9 13
ILAMLO | LAVHI JLAMLO  JLAMHI KLAMLO  KLAWHI
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
INEWG | GRIDC I'S JS KS IE JE K
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

ooocoom
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9.1.3 NACA 0012 Airfoil with Patched Grids
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6 1 0 0 0 0 0 0
7 1 0 0 0 0 0 0
MSEQ  MGFLAG | CONSF MIT NGAM
2 1 1 0 02
ISSC EPSSC(1) EPSSC(2) EPSSC(3) ISSR EPSSR(1) EPSSR(2) EPSSR(3)
0 .3 .3 .3 0 .3 .3 .3
NCYC — MGLEVG NEMGL NI TFO
0300 01 00 000
0300 02 00 000
M T1 M T2 M T3 M T4 M T5
01 01 01 01 01
01 01 01 01 01
1-1 BLOCKI NG DATA:
NBL|
1
NUMBER GRI D : ISTA JSTA KSTA |IEND JEND KEND I[SVAL |SVA2
1 1 1 1 1 2 1 13 1 3
NUMBER GRI D : ISTA JSTA KSTA IEND JEND KEND I[SVAL |SVA2
1 1 1 65 1 2 65 13 1 3
PATCH SURFACE DATA:
NI NTER
-1
PLOT3D OUTPUT:
GRID IPTYPE ISTART |END [|INC JSTART JEND JINC KSTART KEND KINC
1 0 1 001 1 01 999 1 1 999 1
2 0 1 001 1 01 999 1 1 999 1
3 0 1 001 1 01 999 1 1 999 1
4 0 1 001 1 01 999 1 1 999 1
5 0 1 001 1 01 999 1 1 999 1
6 0 1 001 1 01 999 1 1 999 1
7 0 1 001 1 01 999 1 1 999 1
MOVI E
0
PRI NT OUT:
GRID IPTYPE ISTART IEND [INC JSTART JEND JINC KSTART KEND KINC
CONTROL SURFACE:
NCS
0

GRI D | START IEND JSTART JEND  KSTART KEND [WALL | NORM

The residual and force cdiefent history plots for this case is st in Figure9-7.
The sharp spik in the residual history plot depicts the iteration at which the gredsle
changed for mesh sequencing. Thesevegence histories can be foundcin 3d. res.
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9.1.3 NACA 0012 Airfoil with Patched Grids
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Figure 9-7. Seven-zone MCA 0012 case residual and coaént histories;
a =125,M, = 0.8.
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9.1.4Multielement Airfoil with Overlapped Grids

This test case sabg for the viscous, tuatent flov over a three-element airfoil with
M, =0.2,a = 8.109, and a Regnolds number of 9 million. The Spalart-Allmaras tur-

bulence model is used. The grid, with a total of 59051 points, consists of three zones, one
for each element. The grid zones communicate with one another utilizing theatape

ping option. Therefore, the MaGGIE code is used in addition to CFL3D. The memory
requirement for this case is 9.5 milliorosgs. A typical timing is 2849 CPU seconds on a
CRAY YMP (NASA LaRC'’s Sabre as of June 1996). A close-up of the grid near the air-
foil is shavn in Figure9-8. In the figure, the grids are labelled one through three and this
is the grid order in which the information is set up in the input file.

0.6

0.4

0.2

0.0

-0.2

0.0

0.5 1.0

Figure 9-8. Three-zone eerlapped grid system for a three-element airfoil.

Besides the CFL3D and MaGGiE codes the fuihg files are needed to run this test

case:

File
multi.inp
grid.fm
fttobin.f
magl. h

mag. i np_mnul ti

Description
input for CFL3D

formatted grid

grid corverter

parameters for MaGGIE mafle
input for MaGGIE
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9.1.4 Multielement Airfoil with Overlapped Grids

The steps for running this case on the YMP are asifsilo

Step 1

Compile the grid corerter code:
cft77 fnttobin.f

Step 2

Link the grid cownerter object file:
segldr -o fnttobin fnttobin.o

Step 3

Run the grid coverter program (the binary fiteul ti . bi n will be output):
fnttobin

Step 4

Use the madfile to compile, link, and create theeeutable for the MaGGIE code (be sure
magl. h is in the current directory):

make -f nakemaggi e_cray

Step 5
Run the MaGGiE code (the fiter | p. bi n will be output):

maggi e < mag. i np_nul ti

Step 6

Use the madfile to compile, link, and create theeeutable for therecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 7
Run theprecf| 3d code (thef | x. h files will be output):

precfl3d < nulti.inp

Step 8
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray
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Step 9

Run the CFL3D code:

cfl3d < multi.inp

The input file for this case is

1/ O FILES
multi.bin

pl ot 3dg. bin

pl ot 3dq. bin
cfl 3d. out
cfl3d.res

cfl 3d.

cfl 3d.

cfl 3d.

cfl 3d.

cfl 3d.
ovrl p. bin
pat ch. bin

restart.bin

3 el enment

XMACH

. 2000

SREF

1. 00000

DT

-5.00

NGRI D

out 15
prout
out 20

wa§w

002
002
002

I LAMLO
00

00

00

| NEVG

| DI AG( |

| FDS( |

o o
=<
8 3 3

(&
o
RPOWNROWNROWNRORRR—ERRRE—-000

turres
bl omax

airfoil -
ALPHA
8.109
CREF

1. 00000
| REST

0
NPLOT3D
3
| EM

0

0

0
JDI' M
361

369

297

| LAVH

o
o

00

3
88

| DI AG(J

| FDS(J

Z

vs)

@)
RPRRORRRERRERRE—-00O0

2
5
z

chinmera-type grids -
BETA REUE, M L

0.0
BREF

1. 0000
| FLAGTS
000
NPRI NT
0

| ADVANCE
0

0

0

KDl M

65

57

49
JLAMLO
000

000

000

I'S

0

0

0

| DI AG( K)
1

1
1
| FDS( K)
1
1
1

NBCI DI M

1

1

1
BCTYPE
1002
1002
1002
BCTYPE
1002
1002
1002
BCTYPE
1003

TI NF, DR

9.0 520.0
XMC YMC

0. 25000 0. 00
FMAX | UNST
1.00 0
NWREST | CHK
100 0

| FORCE VI SC(1)
001 0
001 0
001 0
JLAVHI KLAM_O
000 0
000 0
000 0
JS KS

0 0

0 0

0 0
IFLIMI) |FLIMJ)
3 3

3 3

3 3
RKAPO(1)  RKAPO(J)
. 3333 . 3333
. 3333 . 3333
. 3333 . 3333
NBCJO  NBCJDI M
1 1

1 1

1 1

JSTA JEND

0 0

0 0

0 0

JSTA JEND

0 0

0 0

0 0

| STA | END

0 0

| ALPH
0

ZMC

0. 00
CFLTAU
10.0

I 2D

1

I VI SC(J)
0
0
0

KLAVH
0000
0000
0000

IE
0
0
0

| FLI M K)
3

3

3
RKAPO( K)
. 3333

. 3333

. 3333
NBCKO

Spal art-All maras turb node

| HSTRY
0

NTSTEP

1

I VI SC(K)
5

5
5

ooom

I TA

ooom
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9.1.4 Multielement Airfoil with Overlapped Grids

2 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0
JD'M GRID SEGMENT  BCTYPE | STA | END KSTA KEND NDATA
1 1 1003 0 0 0 0 0
2 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0
KO: GRID SEGMENT  BCTYPE | STA | END JSTA JEND NDATA
1 0 0 1 73 0
1 2 2004 0 0 73 289 2
TWI'YPE cQ
0. 0
1 3 0 0 0 289 361 0
2 1 0 0 0 1 65 0
2 2 2004 0 0 65 305 2
TWI'YPE cQ
0. 0.
2 3 0 0 0 305 369 0
3 1 0 0 0 1 49 0
3 2 2004 0 0 49 249 2
TWI'YPE cQ
0. 0.
3 3 0 0 0 249 297 0
KD'M GRID SEGMVENT  BCTYPE | STA | END JSTA JEND NDATA
1 1 1003 0 0 0 0 0
2 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0
MSEQ  MGFLAG | CONSF MIT NGAM
1 1 1 0 01
ISSC EPSSC(1) EPSSC(2) EPSSC(3) ISSR EPSSR(1) EPSSR(2) EPSSR(3)
0 .3 .3 .3 0 .3 .3 .3
NCYC — MGLEVG NEMGL NI TFO
2000 03 00 000
M T1 M T2 M T3 M T4 M T5
01 01 01 01 01
1-1 BLOCKI NG DATA:
NBLI
3
NUMBER GRID : ISTA JSTA KSTA IEND JEND KEND [|SVAL |SVA2
1 1 1 1 1 2 73 1 1 2
2 2 1 1 1 2 65 1 1 2
3 3 1 1 1 2 49 1 1 2
NUMBER GRID ISTA JSTA KSTA IEND JEND KEND [|SVAL |SVA2
1 1 1 361 1 2 289 1 1 2
2 2 1 369 1 2 305 1 1 2
3 3 1 297 1 2 249 1 1 2
PATCH SURFACE DATA:
NI NTER
0
PLOT3D OUTPUT:
GRID I PTYPE ISTART IEND |INC JSTART JEND JINC KSTART KEND KINC
1 1 1 001 1 01 999 1 1 999 1
2 1 1 001 1 01 999 1 1 999 1
3 1 1 001 1 01 999 1 1 999 1
MOVI E
0
PRI NT OUT:
GRID | PTYPE ISTART |END |INC JSTART JEND JINC KSTART KEND KINC
CONTROL SURFACE:
NCS
0

GRI D | START IEND JSTART JEND  KSTART KEND [WALL | NORM

After running this test case, the residual and forceficaait corvergence histories
should look lile those in Figur®-9. These corergence histories can be found in file
cfl 3d. res. Note the unusually high number of multigrigctes required to caerge this
case. While quite lge, this is the bekeor typically seen (with CFL3D) for multielement
airfoil cases, ¥en when one-to-one blocking is emyzal.
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—4 ~ 4.0
3.5 |
3.0
© 2.5
o
% C, 20
-
o 1.5 |
©
1.0 I
0.5 [
-9 L | L | L | L | 0.0 I L | L | L | L |
00 05 1.0 15 20 x10° 00 05 1.0 15 2.0 x10°
cycles cycles
a) residual history b) lift coefficient history
0.40 0.0 -
0.35 L
0.30 -0.5
0.25
Cy 0.20 C, -1.0
0.15 |
0.10 | -15 |
0.05 |
0.00 | | | | | | | | —-20 | | | | | | | |
00 05 1.0 15 20 x10° 00 05 10 15 20 x10°
cycles cycles

c) drag coefficient history d) moment coefficient history
Figure 9-9. Convergence histories for three-element airfoil case;
o = 8109, Re; = 9x 10°.
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9.1.5 Flat Plate

9.1.5Flat Plate

The viscous, tundent flov with a Rgnolds number of 6 million\er a flat plate is
solved in this test case. The grid consists of a single grid zone with 6305 points. Menter’
k—w SST turlnlence model is utilized in thisxample. The memory requirement is 2.3
million words. A typical timing for this case is 157 CPU seconds on aYCRMP
(NASA LaRC's Sabre as of June 1996). The entire flat plate grid is illustrated in Bigure
10.

1.0
0.8 -
0.6
0.4
0.2 -
0.0

- | flat plate |

| ‘ ‘ ‘ ‘ | ‘ ‘ ‘ ‘ |

0.0 0.5 1.0

Figure 9-10. Single zone flat plate grid.

Besides the CFL3D code the falling files are needed to run this test case:

Eile Description
grdflat5.inp input for CFL3D
grdflat5.grd formatted grid
gri d2dt o3d. f grid corverter

The steps for running this case on the YMP are asafsilo

Step 1

Compile the grid corerter code:
cft77 grid2dto3d.f
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Step 2

Link the grid conerter object file:
segldr -o grid2dto3d grid2dto3d.o

Step 3

Run the grid coverter program (the binary fitg df | at 5. bi n will be output):
gri d2dt o3d

In answer to the questions, type:

grdflat5.grd
grdflat5. bin
2
0

Step 4

Use the madfile to compile, link, and create thgeeutable for ther ecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 5
Run thepr ecf| 3d code (thef | x. h files will be output):
precfl3d < grdflat5.inp

Step 6
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 7
Run the CFL3D code:
cfl3d < grdflat5.inp

The input file for this case is:

1/ O FILES
grdflat5. bin
pl ot 3dg. bin
pl ot 3dq. bin
cfl 3d. out
cfl3d.res
cfl3d.turres
cfl 3d. bl omax
cfl 3d. out 15
cfl 3d. prout

174 CFL3D Users Manual



9.1.5 Flat Plate

cfl 3d. out 20
ovrlp.bin
patch. bin
restart.bin
turbulent flat plate (pI ate fromj=17-65, prior to 17 is synmetry)
XMACH ALPHA BETA REUE,ML TINF DR | ALPH | HSTRY
0. 2000 00. 000 0.0 06. 000 460.0 0 0
SREF CREF BREF XMC YMC ZMC
1. 00000 1. 00000 1.0000 0.00000 0.00 0. 00
DT | REST | FLAGTS FMAX I UNST CFLTAU
-5. 000 1 000  05.0000 0 10.
NGRID NPLOT3D NPRI NT NVREST | CHK 12D NTSTEP
1 1 2 1200 0 1 1
NCG | EM | ADVANCE IFORCE IMISC(l) IVISC(J) |VISC(K)
2 0 0 001 0 0 12
IDIM JDI M KDl M
02 65 97
I LAMLO I LAVH JLAMLO JLAVHI KLAM_O KLANVH
1 2 1 17 1 97
| NEWG | GRI DC 1S JS KS I E JE
0 0 0 0 0 0 0
IDAGI) IDIAGJ) IDAGEK IFLIMI) [TFLIMJ) |FLIMK)
1 1 1 0 0 0
| FDS( 1) | FDS(J) | FDS(K) RKAPO(1) RKAPO(J) RKAPO(K)
1 1 1 0. 3333 0. 3333 0. 3333
GRID NBCI 0 NBCI DI M NBCJO NBCJIDI M NBCKO NBCKDI M
1 1 1 1 1 2 1
10: GRID  SEGMVENT BCTYPE JSTA JEND KSTA KEND
1 1 1001 0 0 0 0
IDDM GRID  SEGVENT BCTYPE JSTA JEND KSTA KEND
1 1 1002 0 0 0 0
JO: GRID SEGMVENT BCTYPE | STA | END KSTA KEND
1 1 1008 0 0 0 0
JDOM GRID  SEGMVENT BCTYPE | STA | END KSTA KEND
1 1 1002 0 0 0 0
KO: GRID  SEGMVENT BCTYPE | STA | END JSTA JEND
1 1 1001 0 0 1 17
1 2 2004 0 0 17 65
TWIYPE CQ
0. 0.
KDIM GRID  SEGVENT BCTYPE | STA | END JSTA JEND
1 1 1003 0 0 0 0
MSEQ MGFLAG | CONSF MIT NGAM
1 1 0 0 02
| SSC EPSSSC(1) EPSSSC(2) EPSSSC(3) | SSR EPSSSR(1) EPSSSR(2)
0 0.3 0.3 0.3 0 0.3 0.3
NCYC MELEVG NEMGL NI TFO
0500 03 00 000
M T1 M T2 M T3 M T4 M T5 M T6 M T7
01 01 01 01 01 1 1
1-1 BLOCKI NG DATA:
NBLI
0
NUMBER GRID ISTA JSTA KSTA IEND JEND KEND |SVAL
NUMBER GRID : ISTA JSTA KSTA |IEND JEND KEND | SVAL
PATCH SURFACE DATA:
NI NTER
0
PLOT3D OUTPUT:
GRID I PTYPE I START |IEND IINC JSTART JEND JINC KSTART KEND
1 0 0 0 0 0 0 0 0
I MOVI E
0
PRI NT QUT:
GRID I PTYPE I START |IEND |INC JSTART JEND JINC KSTART  KEND
1 0 0 0 0 0 0 1 1
1 0 0 0 0 49 49 1 0 0
CONTROL SURFACE:
NCS
0
GRID I START |END JSTART JEND KSTART KEND |WALL | NORM

I TA

| OVRLP
0
NDATA
0
NDATA
0
NDATA
0
NDATA
0
NDATA

NDATA
EPSSSR( 3)
0.3

M T8

| SVA2
| SVA2

KI NC

KI NC
1
0
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After this test case is run, the residual histéoynd in filecf | 3d. res, should look
like that plotted in Figur8-11. In Figure9-12, \alues ofu* versesy* are plotted at tav
cross sections of the flat plate and compared with theoresiteds: Theu* andy* values

were etracted from the PLTBD grid and q files using a postprocessor currently not
available for general use.

log(residual)

0 200 400 600 800

cycles
Figure 9-11. Residual history for single grid flat plate case.

40

35 | Spalding theory
L e) x=0.3

30 + 0O x=0.8

log(y+)

Figure 9-12. Flat plate calculation compared witkmpseriment;ReER = 6x10°.
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9.1.6 Vibrating Flat Plates

This flat plate case has been studied waithhe turlulence models currentlyailable
in CFL3D and a summary of the timings isukdted belov:

Approximate | Percent increase
CPU seconds| over Baldwin-
Turbulence Model ivisc | per g/cle Lomax per gcle
Baldwin-Lomax 2 0.153 0
Baldwin-Lomax with Dgani-Schif 3 0.153 0
Baldwin-Barth 4 0.177 16
Spalart-Allmaras 5 0.182 19
Wilcox k —w 6 0.186 22
SSTk-w 7 0.196 28
k—w EASM Gatski-Speziale (Linear) 8 0.218 43
k—¢& EASM Girimaji (Linear) 9 0.236 54
k—¢€ (Abid version) 10 0.197 29
k—& EASM Gatski-Speziale (Nonlinear) 11 0.236 54
k —w EASM Gatski-Speziale (Nonlinear) 12 0.236 54
k—¢& EASM Girimaji (Nonlinear) 13 0.254 66

This case requires between 800 to 18@€las to cowerge, depending on the twrb
lence model empied and the carergence criterion chosen. Generally—e models
take longer thark —w models and ta~equation models tend to w@konger than one-

equation models. (See Appendix) Memory requirements also depend on whichuturb
lence model is being usedrying from 2.2 to 2.4 million wrds.

9.1.6Vibrating Flat Plates

This test case sabg for the unsteadtime-accurate wiscid flow through an “infinite”
row of vibrating flat plates. The plates, located frans 0.0 tox = 1.0, are vibrating up

and devn with a sinusoidal motion. The maximum displacemertt is 0.001 and the
nominal distance between the plates is 1.0. The reduced frggueeftned by

k, = (I)E/ZI\?IOO, wherew is in radians/second, is 4.0. (Note that the input to CFL3D

definesw in cycles/second; thereforefreq = 0.63662.) The plate vibration generates
acoustic vaves which propagte both deanstream and upstream. The solutiowokes
periodicity at both the upper andder boundaries feept betweerx = 0.0 andx = 1.0),
thus mimicking an infinite @ of flat plates.
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This example also empis a second block @mstream ofx = 2.0. This block is a
“sliding block” that is used to test thefedt of a sliding block intedce (such as might be
used in a rotestator computation) on the transmission of acoustiees: Currentlyit is
set to translate “up” with speed/’a, = 1/m = 0.31831.

This test problem is set up to run for 961 time steps, using three multigrid sub-itera-
tions per time step. The time stepig320 = 0.0098175. At this time step, 160 time steps
yield one completeycle of plate oscillation, so 961 steps yield six complgtdes of
plate oscillations. The code, taking adtage of the periodicity of the solution, “resets”
the sliding zone (zone 2) wharme its motion gceedsdzmax = 1.0. At the end of time
step 961, zone 2 is aip plysically aligned with zone 1. If the number of stepsitals
such thantstep-1 is not @enly dvisible by 160, then zone 2 will appear displaced some
distance “up” from zone 1 when looking at the solution. While this is not a problem since
the solution is periodic, it is easier to visualize the whoie fleld when the tw zones are
aligned.

The grid consists of tavgrid zones with a total of 5502 points. The memory require-
ment for this case is 2.1 millionords. A typical timing for sixycles of plate oscillation
is 422 CPU seconds on a CRXMP (NASA LaRC’s Sabre as of July 1996).

Besides the CFL3D code the falling files are needed to run this test case:

Eile Description
vibrate.inp input for CFL3D
cartesian. f grid generator

The steps for running this case on the YMP are asafsilo

Step 1

Compile the grid generator code:

cft77 cartesian.f

Step 2
Link the grid cownerter object file:

segldr -0 cartesian cartesian.o

Step 3
Run the grid generator program (the binarydiled. bi n will be output):
cartesian

In answer to the questions, type

178
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9.1.6 Vibrating Flat Plates

2
-6,2,0,1
.05, .05
0
2,7,0,1
.05, .05
0

Step 4

Use the madfile to compile, link, and create thgeeutable for ther ecfl 3d code (be

surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 5
Run thepr ecf | 3d code (the cflxh files will be output):

precfl 3d < vibrate.inp

Step 6

Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 7
Run the CFL3D code:

cfl3d < vibrate.inp

The input file for this case is:

1/0 FILES
grid.bin
pl ot 3dg. bin
pl ot 3dq. bin
cfl 3d. out
cfl3d.res
cfl3d.turres
cfl 3d. bl omax
cfl 3d. out 15
cfl 3d. prout
cfl 3d. out 20
ovrlp.bin
patch. bin
restart.bin
Flat plate vibrating cascade with sliding interface

XMACH ALPHA BETA REUE, ML TINF, DR

. 500 0. 00 0.0 1.07 520.0
SREF CREF BREF XMC YMC

1. 00000 1. 00000 1. 0000 0. 25000 0. 00
DT | REST | FLAGTS FMAX | UNST

. 0098175 0 000 1.00 1

downstream

I ALPH
0

ZMC

0. 00

CFLTAU
5.

| HSTRY
0
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NGRID  NPLOT3D
2 2
NCG | EM
2 0
2 0
DI M JDI'M
2 161
2 101
ILAMLO | LAWVH
00 00
00 00
INEWG | GRIDC
0 0
0 0
IDIAG(1) 1DIAGJ)
1 1
1 1
IFDS(1) | FDS(J)
1 1
1 1
GRID NBCI 0
1 1
2 1
10 GRID SEGMVENT
1 1
2 1
IDDM GRID  SEGMVENT
1 1
2 1
JO:  GRID SEGVENT
1 1
2 1
JDIM GRID  SEGVENT
1 1
2 1
KO: GRID SEGMVENT
1 1
NBLP
1
1 2
1 3
NBLP
1
2 1
NBLP
2
KDIM GRID  SEGVENT
1 1
NBLP
1
1 2
1 3
NBLP
1
2 1
NBLP
2
MSEQ  MGFLAG
1 1
I SSC EPSSC( 1)
0 .3
NCYC — MGLEVG
3 03
M T1 M T2
01 01
1-1 BLOCKI NG DATA:
NBLI
0
NUVBER GRID
NUVBER GRID

PATCH SURFACE DATA:

NI NTER

NPRI NT
2
| ADVANCE

1
| FDS( K)
1

1
NBCI DI M
1

1
BCTYPE
1001
1001
BCTYPE
1002
1002
BCTYPE
1003

0
BCTYPE
0

1003
BCTYPE
2005
DTHTX
0.0
1005
2005
DTHTX
0.0
2005
DTHTX
0.0
BCTYPE
2005
DTHTX
0.0
1005
2005
DTHTX
0.0
2005
DTHTX
0.0
| CONSF

1
EPSSC( 2)
3

NEMGL
00
M T3
01

| STA
| STA

NWREST I CHK
2000 0
I FORCE VI SC(1)
001 0
001 0
JLAVHI KLAM.O
000 0
000 0
Js KS
0 0
0 0
IFLIMI) IFLIMJ)
0 0
0 0
RKAPO(1)  RKAPO(J)
. 3333 . 3333
. 3333 . 3333
NBCJO  NBCJDI M
1 1
1 1
JSTA JEND
0 0
0 0
JSTA JEND
0 0
0 0
| STA | END
0 0
0 0
| STA | END
0 0
0 0
| STA | END
1 2
DTHTY DTHTZ
0. 0.
1 2
1 2
DTHTY DTHTZ
0. 0.
0 0
DTHTY DTHTZ
0. 0.
| STA | END
1 2
DTHTY DTHTZ
0. 0.
1 2
1 2
DTHTY DTHTZ
0. 0.
0 0
DTHTY DTHTZ
0. 0.
MTT NGAM
0 02
EPSSC( 3) | SSR
.3 0
NI TFO
000
M T4 M T5
01 01
JSTA  KSTA |END
JSTA KSTA |END

12D NTSTEP

1 961

IVISC(J) |VISC(K)

0 0

0 0
KLAVH
0000
0000

IE JE

0 0

0 0
I FLI M K)
0
0
RKAPO( K)
. 3333
. 3333

NBCKO  NBCKDI M

3 3

1 1

KSTA KEND

0 0

0 0

KSTA KEND

0 0

0 0

KSTA KEND

0 0

0 0

KSTA KEND

0 0

0 0

JSTA JEND

1 121

121 141

141 161

0 0

JSTA JEND

1 121

121 141

141 161

0 0

EPSSR(1) EPSSR(2)

.3 .3

JEND KEND | SVA1

JEND KEND I SVAl

I TA
-2

oo

| OVRLP

0

0
NDATA
NDATA
NDATA
NDATA

NDATA

EPSSR( 3)
.3

| SVA2
| SVA2
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9.1.6 Vibrating Flat Plates

0
PLOT3D OUTPUT:

GRI D | PTYPE | START IEND 1INC JSTART JEND JINC KSTART KEND  KINC
1 0 1 999 1 01 999 1 1 999 1
2 0 1 999 1 01 999 1 1 999 1
MoVl E
0
PRI NT QUT:
GRI D | PTYPE | START IEND 1INC JSTART JEND JI NC KSTART KEND  KINC
1 1 1 2 1 999 999 1 1 999 1
2 1 1 2 1 1 1 1 1 999 1
CONTROL SURFACE:
NCS
0
GRI D | START IEND JSTART JEND  KSTART KEND [WALL | NORM
MOVI NG GRI D DATA - TRANSLATI ON
NTRANS
2
LREF
0.5
GRID | TRANS RFREQ XMAG YNVAG ZNAG
1 2 . 31831 0. 0. 0.00100
2 1 0. 0. 0. 0.31831
GRI D DXIVAX DYMAX DZIVAX
1 0. 0. 0. 000
2 0. 0. 1. 000
MOVI NG GRI D DATA - ROTATI ON
NROTAT
0
LREF
GRID | ROTAT RFREQ THXMAG THYMAG THZMAG XORI G YCORI G ZORI G
GRID THXMAX  THYMAX  THZNMAX
DYNAM C PATCH | NPUT DATA
NI NTER
2
INT IFIT LIMT I TMAX MCXI E MCETA GO | ORPH I TOSS
1 -1 5 20 0 0 0 0 1
2 -1 5 20 0 0 0 0 1
I NT TO XIE1 XI E2 ETAL ETA2 NFB
1 122 0 0 0 0 2
FROM XIE1 XI E2 ETAL ETA2 FACTJ FACTK
221 0 0 0 0 0. 0.
DX DY DZ DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 XI E2 ETAL ETA2 FACTJ FACTK
221 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. -1. 0. 0. 0.
I NT TO XIE1 XI E2 ETAL ETA2 NFB
2 221 0 0 0 0 2
FROM XIE1 XI E2 ETAL ETA2 FACTJ FACTK
122 0 0 0 0 0. 0.
DX DY DZ DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 XI E2 ETAL ETA2 FACTJ FACTK
122 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. +1. 0. 0. 0.

The resulting residual and lift cdiefent histories for this case are shoin Figure9-
13 and Figur®-14, respectely. The oscillatory nature of the Wlois clearly @ident.
Figure9-15 shavs a profile of the flv as defined by pressure contours.
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Figure 9-13. Residual history for wiscid flow through vibrating flat plates.
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Figure 9-14. Lift coefficient history for iwiscid flov through vibrating flat plates;
M, = 0.5.
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Figure 9-15. Pressure contours foniscid flov through vibrating flat platesvl,, = 0.5.
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9.1.7Multistream Nozzle

This case simulates, in tndimensions, the fl@ though a coverging/dverging nozzle
with multiple streams. The case is meant to modelithatest from an engine (with a hot
core and cooler outer flomodeled as a “top hat” temperature profile) entering an s-
shaped corerging/diverging nozzle. Wo additional streams are injectedaaistream of

the throat to praide additional cooling of thexeaust.

The grid consists of thirteen patched zones with a total of 15897 points in one plane.
The memory requirement for thigample is 3.2 million wrds. A typical timing for this
case is 1550 CPU seconds on a GRAMP (NASA LaRC’s Sabre as of October 1996). A

cross-section of the grid is skio in Figure9-16.

2D Multistream Nozzle

Subsonic

Inflow \

P, =50 psi

a=0 5

Inflow T, Profile:

T,=760°R
s Cooling Inflow
T,=1960 °R : T,=760°R, P,=50psi, a=-9°

T,=760°R L

4 5 6 9

— 12
18 11 13 Supersonic
i Exhaust
Cooling Inflow e

T,=760°R, P,=50psi, a=-9°

Mach Contours

Figure 9-16. Cross-section of multistream nozzle zonal patching and Mach contours.

Boundary conditions with uselefined input, including constant data supplied via the
main input deck andariable (point-to-point) data supplied via an auxiliary boundary con-
dition data file are>@mplified. Control sudces are used to monitor massvfloorver-
gence (here, ta control surfces are used to measure thefédénce” between mass in
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and mass out). In addition, the case illustrates tiwe can define reference conditions for
CFL3D in the case of a purely internamMiaas discussed belo

9.1.7.1Nondimensionalization

The conditions praded for this case are that the total pressure of the primarwiigflo
50 psi, with a total temperature 8860°R in the core and60°R in the outer rgion. The
flow enters the s-duct with zero angle. The secondary cooliwg #tso hee a total pres-
sure of 50 psi and a uniform total temperaturé @R . The cooling flav enters at —9
degrees relatie to horizontal. Thexhaust from the nozzle system is supersonic. The
throat height is 1 foot. The primary inficheight is 1.449 feet; the corevlaegion (i.e.
where the total temperaturei®60 R) spans the central 0.769 feet.

Although inflov stagnation conditionsauld be a natural reference state for this prob-
lem, the associated Mach number is zero. Since the viscous terms are scaled with the ref-
erence Mach numbeanother reference state is needed. A second natural reference state
for nozzle flavs is the sonic point. From isentropic relations, the sonic conditions can be
obtained once the inflototal conditions are kwen. Howvever, for this problem there are
two total conditions wing to the “top hat” temperature profile. Thus, tedaist one ref-
erence state, the total temperature of thewnifoarea-geraged and the resultingeaage
total temperature, together with thevgn total pressure, is used to determine the sonic
conditions at the throat.

In what follavs, stagnation conditions are denoted by 0, sonic conditions by *, and
dimensional quantities by ~. First, determine therage inflov total temperature:

- _ 0769  (1.449-0.769

To = T7aqi060 * 1aaqren - OTR )

Next, determine the stagnation density and speed of sound:

- _ Po _ 500144

Py = e = 17161397 = 0.00300slugs/feet (9-2)
ay = A/yIi'T'o = J/1.4(1716)(1397) = 1832feet/secon: (9-3)

whereR = 1716 feé¥(second °R). From the isentropic relations,

P o528 = 08332 = 06342 = 09013 (0-4)
Po To Po 2N

Thus, the desired reference pressure, temperature, speed of sound and density are
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p = 50(0.528 = 26.4psi
T = 13970.833 = 1164R
(9-5)
p = 0.0030.634 = 0.0019slug/feel
a = 18320.913 = 1673feet/seconc

Assuming a molecular viscosity céiefent of 3.7x10°" slugs/(feet-seconds) for a
temperature of 52(R, then the paer law p,/p; = (T2/T1)0'76 gives

. _ 76 ~
pul = 3.7x10 7%%45) = 6.82x10° slugs/(feet-second (9-6)

The reference Bmolds number based on throat height and the reference stumésv
is

0.0011673 —~

6.82x10 "

Rell = Pmmhﬂogt height _ = 4.66x10° 07
H

In the grid, the throat height is 12 inches, so the input paranseeers

_ Relx10™~ _ 4.66 _
reue = 7 =17 0.388 (9-8)

Finally, the nondimensional inputiues for boundary condition type 2003 are deter-

mined from the reference sonic conditions (note that in CFL3D parlance, in this problem
the * conditions are the “infinity” conditions):

_ . Pt _ Py _ 50 _
p, = 50psi b = 264" 1.894
_ T T _ 760 _
T, = 760°R - T T T 1A 0.653 (9-9)

T, T
Tt:1960°R~_—|;1D:-—5:lg—60:1.684

Boundary condition type 2003 also needs an estimate of the local Mach n&arber
the primary inflev, the inlet height (area) to throat height (area) is 1.449/1. The isentropic
relations g¥e a corresponding Mach number of approximately 0.45. The local Mach num-
ber for the cooling infle cannot be determined a priori; 1.0 is used in the boundary condi-
tion. The computationsgg the cooling inflae Mach number as approximately 0.85; 1.0 is

deemed as a didiently close estimate since the solution does not change perceptibly if
0.85 is used instead of 1.0.
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9.1.7 Multistream Nozzle

The auxiliary boundary condition data file pieed for this @ample (nfl ow. dat a)
contains the data for the primary inito

M = 0.45
Pe 1.894
Peo (9-10)
Tt _ 0.653
T, 1.684
in top hat distrilation,a = 0,3 = 0. The cooling inflav:

M=1.0
Poo 1.894

P

T, B (9-11)
T 0.653

a=-9

B=0

is specified gplicitly in the main data file.

9.1.7.2RunningCFL3D

Besides the CFL3D and ronnie codes the Yalhg files are needed to run this test
case:

File Description

nul tistreaminp input for CFL3D
grid_multistream fnt formatted grid

f or nt obi n. f grid corverter

i nflow data auxiliary boundary condition data
ronl. h parameters for ronnie mekle
ronni e.inp input for ronnie

The steps for running this case on the YMP are asafsilo

Step 1
Compile the grid corerter code:
cft77 forntobin.f

CFL3D Users Manual 187



CHAPTER 9 Test Cases

Step 2
Link the grid conerter object file:

segldr -o formobin forntobin.o

Step 3
Run the grid generator program (the binarydiled_nul ti st r eam bi n will be output):

forntobin

Step 4

Use the madfile to compile, link, and create theeeutable for the ronnie code (be sure
ronl. h is in the current directory):

make -f makeronni e_cray

Step 5
Run the ronnie code (the fibat ch_nul ti st ream bi n will be output):

ronnie < ronnie.inp

Step 6

Use the madfile to compile, link, and create theeeutable for ther ecf| 3d code (be
surepr ecfl . h is in the current directory):

make -f makeprecfl 3d_cray

Step 7
Run thepr ecf | 3d code (the:f I x. h files will be output):

precfl3d < nultistreaminp

Step 8
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 9
Run the CFL3D code (be sure thé | ow. dat a file is available and correct for this case):

cfl13d < multistreaminp

The input file for this case is:

I/ O FILES
grid_mul tistream p3d
pl ot 3dg. bin
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9.1.7 Multistream Nozzle

pl ot 3dqg. bin
cfl 3d. out
cfl3d.res
cfl3d.turres
cfl3d. bl omax
cfl 3d. out 15
cfl 3d. prout
cfl 3d. out 20
ovrlp.bin
patch_nul ti stream bin
restart.bin
Mul ti stream Nozzl e (sonic conditions as reference state)

XMACH ALPHA BETA REUE,ML TINF DR | ALPH | HI ST
1. 000 0.00 0.0 0. 388 1163. 0 1 1
SREF CREF BREF XNC YMC ZMC
1.00000  1.00000 1.0000  0.25000 0.00 0.00
DT | REST | FLAGTS FIMAX UNST  CFL_TAU
-1. 0000 0 000 1.0 +1 5.

NGRID NPLOT3D  NPRINT  NWREST I CHK 12D NTSTEP | TA
-13 13 0 500 0 1 2 -2
NCG IEM 1ADVANCE  IFORCE IVISC(I) IVISC(J) |VISC(K)

1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
1 0 0 000 0 0 +7
DI M JDI'M KDl M
2 23 41
2 23 41
2 23 41
2 23 41
2 25 41
2 25 41
2 17 21
2 17 21
2 49 41
2 49 21
2 49 21
2 41 61
2 49 57
ILAMLO | LAWHI JLAMLO  JLAMHI KLAMLO  KLAVHI
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
INEWG | GRIDC 'S JS KS IE JE KE
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
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0
0
0
0
IDIAG(1) |DAGJ
1
1
1
1
1
1
1
1
1
1
1
1
1
IFDS(1) | FDS(J
1
1
1
1
1
1
1
1
1
1
1
1
1
GRID NBC
1
2
3
4
5
6
7
8
9
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[
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TR
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NBCI DI

PRRPRRPRRPRRRRRPRRRRPRRZRRRRPRRRRERRRRERRPRECRrRrRRRRERRRRERRRPOC0O0O

BCTYPE
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
1002
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1002

I FLIM |
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9.1.7 Multistream Nozzle

12 1 1002 0 0 0 0 0

13 1 1002 0 0 0 0 0

JO: GRID  SEGMVENT BCTYPE | STA I END KSTA KEND NDATA
1 1 2003 0 0 0 0 -5

Mach Pt/Pinf Tt/Tinf alpha beta
infl ow. dat a

2 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0
4 1 0 0 0 0 0 0
5 1 0 0 0 0 0 0
6 1 0 0 0 0 0 0
7 1 2003 0 0 0 0 5
Mach Pt/Pinf Tt/Tinf alpha beta
1.00 1.894 0. 653 -9. 0.
8 1 2003 0 0 0 0 5
Mach Pt/Pinf Tt/ Tinf alpha beta
1.00 1.894 0. 653 -9. 0.
9 1 0 0 0 0 0 0
10 1 0 0 0 0 0 0
11 1 0 0 0 0 0 0
12 1 0 0 0 0 0 0
13 1 0 0 0 0 0 0
JDOM GRID SEGVENT BCTYPE | STA | END KSTA KEND NDATA
1 1 0 0 0 0 0 0
2 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0
4 1 0 0 0 0 0 0
5 1 0 0 0 0 0 0
6 1 0 0 0 0 0 0
7 1 0 0 0 0 0 0
8 1 0 0 0 0 0 0
9 1 0 0 0 0 0 0
10 1 0 0 0 0 0 0
11 1 0 0 0 0 0 0
12 1 0 0 0 0 0 0
13 1 1002 0 0 0 0 0
KO: GRID  SEGVENT BCTYPE | STA | END JSTA JEND NDATA
1 1 2004 0 0 0 0 2
Tw Cq
0. 0.
2 1 2004 0 0 0 0 2
Tw Cq
0. 0.
3 1 2004 0 0 0 0 2
Tw Cq
0. 0.
4 1 2004 0 0 0 0 2
Tw Cq
0. 0.
5 1 2004 0 0 0 0 2
Tw Cq
0. 0.
6 1 2004 0 0 0 0 2
Tw Cq
0. 0.
7 1 2004 0 0 0 0 2
Tw Cq
0. 0.
8 1 2004 0 0 0 0 2
Tw Cq
0. 0.
9 1 0 0 0 0 0 0
10 1 2004 0 0 0 0 2
Tw Cq
0. 0.
11 1 0 0 0 0 0 0
12 1 2004 0 0 0 0 2
Tw Cq
0. 0.
13 1 2004 0 0 0 0 2
Tw Cq
0. 0.
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KDIM CGRID  SEGVENT BCTYPE | STA | END JSTA JEND NDATA
1 1 2004 0 0 0 0 2
Tw Cq
0. 0.
2 1 2004 0 0 0 0 2
Tw Cq
0. 0.
3 1 2004 0 0 0 0 2
Tw Cq
0. 0.
4 1 2004 0 0 0 0 2
Tw Cq
0. 0.
5 1 2004 0 0 0 0 2
Tw Cq
0. 0.
6 1 2004 0 0 0 0 2
Tw Cq
0. 0.
7 1 2004 0 0 0 0 2
Tw Cq
0. 0.
8 1 2004 0 0 0 0 2
Tw Cq
0. 0.
9 1 0 0 0 0 0 0
10 1 0 0 0 0 0 0
11 1 2004 0 0 0 0 2
Tw Cq
0. 0.
12 1 2004 0 0 0 0 2
Tw Cq
0. 0.
13 1 2004 0 0 0 0 2
Tw Cq
0. 0.
MBEQ MGFLAG | CONSF MIT NGAM
1 1 1 0 02
I SSC EPSSC(1) EPSSC(2) EPSSC(3) I SSR EPSSR(1) EPSSR(2) EPSSR(3)
0 .3 .3 .3 0 .3 .3 .3
NCYC MALEVG NEMGL NI TFO
3000 02 00 0
M T1 M T2 M T3 M T4 M T5
01 01 01 01 01
1-1 BLOCKI NG DATA:
NBLI
0
NUMBER GRID ISTA JSTA KSTA |IEND JEND KEND |SVAL | SVA2
NUMBER GRID ISTA JSTA KSTA |END JEND KEND |SVAL | SVA2
PATCH SURFACE DATA:
NI NTER
-1
PLOT3D QUTPUT:
grid iptyp ista iend iinc jsta jend jinc ksta kend Kkinc
1 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 0
12 0 0 0 0 0 0 0 0 0 0
13 0 0 0 0 0 0 0 0 0 0
MOVI E
0
PRI NT QUT:
GRID I PTYPE I START IEND |INC JSTART JEND JINC KSTART KEND KINC

CONTROL SURFACES:

192 CFL3D Users Manual



9.1.7 Multistream Nozzle

NCS
4
GRID ISTA |END JSTA JEND KSTA KEND |IVWALL | NORM
1 0 0 1 1 0 0 0 -1
7 0 0 1 1 0 0 0 -1
8 0 0 1 1 0 0 0 -1
13 0 0 49 49 0 0 0 1
Thei nfl ow. dat a file is:
auxiliary bc data, j-face of block 1, nultistreamnozzle
40, 2*1
5

40*0. 4499999999999993, 40*1. 893999999999998, 16*0. 653000000000001,
8*1.685000000000004, 16*0.653000000000001, 40*0., 40*0.

After running this test case, the residual history and masscihovergence history
shavn in Figure9-17 results. Also, a plot of Mach contours shouldehthe flav features
of those plotted in Figur@-16.

2D Multistream Nozzle

1 5
-2 mass, - mass,,,
i -0
3+ i
N | mass flow
log(res) Jd.5
_4@\ ,
s log(res) —1-10
5 i
-6 I | | | -15
0 1000 2000 3000 4000
Iteration

Figure 9-17. Multistream nozzle case residual and masg donvergence history
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9.1.8Rotor Stator

This case simulates, in tndimensions, the unsteadyvwildhrough a single stage tur-
bine in which the ratio of stator to rotor blades is 3:4. The aspl lietween the wv
blades is 50% of the blade chord. The caszaises a number of capabilities of CFL3D
including unsteady flg, moving (translating) zones, dynamic patching between zones in
relatve motion, grid gerlapping, and boundary conditions with udefined input.

The original grid for this caseas prwided by D. J. Dorng’ of Western Michign
University although the grid gen out for the test case contains only half the number of
points of the original grid. The grid consists of fourteen zones with a total of 18374 points
in one plane. A close-up of the grid near the airfoil isnshan Figure9-18. The grid
zones communicate with one another through both patching\emidmping. At a time
step of 1.0, it tags 270 time steps for the eight rotor zones (containing four blades) to
completely traerse the six stator zones (containing three blades). The rotor zones are reset
after each complete trarse. The input file is set for 1500 time steps (usirgrfultigrid
sub-iterations per time step), which isfgignt to establish a time-periodic solution.The
memory requirement for thiscample is 4.0 million wrds. A typical timing for this case
(1500 time steps) is 4205 CPU seconds on a Cray YMISANLaRC’s Sabre as of Octo-
ber 1996). On a DEC Alphaoskstation, the timing is 18303 CPU seconds, using single
precision (as of June 1996).

2D Large Scale Rotating Rig

M. . =0.07 Re/L =100,000 U_._/U __=0.78

inlet axial’ ~ rotor

stators ¢ N
52;6 c\ (
: Inflow f \ Instantaneous
“"\ Mach Contours
kA rotors c

Y

i i ‘&x\% Q&gj/”/
)

Y
g

Figure 9-18. Fourteen zone rotestator grid system and Mach contours.
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9.1.8.1Experimental Conditions

The perimental blade countag 22 stator blades and 28 rotor blades. In order to run
an &act simulation, a minimum of 11 stator blades and 14 rotor bladels Wwe required
(Dring et.at®). To reduce the problem size in the computation, the ratio of stator to rotor
blades vas reduced to 3:4 (equaient to 21:28), and the stators were scaled lagt@if of
22/21 to maintain the same pitch-to-chord ratio as in xiperanent. The xperimental
set-up vas a three-dimensional configuration; the corresponding 2-d simulaaat/up
from conditions at the mid-span radius of 27 inches, for a rotor speed of 410 rpm, with a
nominal axial elocity of 75 feet/second. The inlet Mach number in tkeement vas
approximately 0.07, and the ®elds number/inch as approximately 100,000.

9.1.8.2Input Setup

Inlet conditions are used as the reference conditionsnaoh = 0.07. The grid is full
scale, with dimensions in inches. Thereforeye = 0.1. The inlet temperatureaw

assumed to be 686, sotinf = 52C0°R.

Boundary condition type 2003 is used to specify total pressure and total temperature at
the inlet. From isentropic flo relations or tables, for an inletWdaVvach number of 0.07,

Minet = 0.07
pt,inlet = 1.003%

P, ' (9-12)
Tt,inlet _
5 - 1.001C

00

Also, alphae = betae = 0 (purely axialWles assumed).

Boundary condition type 2002 is used to specifyxanpmessure. Dornegives a ratio
of static pressure to inlet total pressure = 0.963 at the rotor trailing edge plane. Assuming
this value to hold at thex& as well gves

Pedt ~ Pedt Prinet _ 4 963x 1.0035= 0.967 (9-13)

Poo pt, inlet  Poo

Note that the inflw Mach number used in boundary condition type 2003 is an esti-
mate; if the git pressure were not set correctlye computed infls Mach number wuld
not be close to the specified iMloalue (when a time-periodic state is reached or at con-
vergence in steady state). By specifying control ae$ at the infle plane, the user is
able to werify after the computation is complete that threrage inflav Mach number is
approximately 0.071; thisas deemed to be close enough to the desaler vif desired,
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the «it pressure could be adjusted (raised in this case) and the solution re-run until a ne
time-periodic solution (and a wanlet Mach number) is established.

It should be noted that the input grid is in PL3D format, withy as the “up” direc-
tion (lalph = 1; z is the spanwise, 2-d direction). Wever, the grid motion parameters
mustbe set as it is the up direction. Recall that if the input grid lyaas the up direction,
CFL3D will internally swvapy andz so that the codewhys computes on a grid in which
Z is up. (See the caution inTB5 - Translational Information andelbcities” on pagd4.)

Given the rotor speed and mid-span radius, the translatieluadity for a 2-d simula-
tion corresponding to the mid-span radius is

Wirans = @F = (410/60x 2m)(27/12) = 96.6feet/seconc (9-14)
This gves

Uoo
_adal - 15 g 7g (9-15)
Wtrans 96'6

The input aluewtransis W, ../ a,, , SO with the reference Mach number 0@ftans =
0.07/0.78 = (=) 0.0897 (the getive gives a danward rotor motion).

In order to be able to run an arbitrarily long simulation, the grid resetting optisn w
employed. The top-to-bottom length of the grid is 24.23514 inches and the rotor and stator

zones start out in alignment, demax = 24.23514. Thus the rotor zones are reset when-
ever the displacemenkeeeds 24.23514 inches.

9.1.8.3RunningCFL3D

Besides the CFL3D code, the follimg files are needed to run this test case:

File Description

I'srr.inp input for CFL3D
I'srr_coarse.p3d_fnt  formatted single plane grid
fnttobin_p3d. f converter for creating 2 grid planes
magl. h parameters for MaGGIE mafile
maggi e. i np input for MaGGIE

The steps for running this case on the DEC are awsillo
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Step 1

Compile the grid corerter code:
cft77 fnttobin_p3d.f

Step 2

Link the grid comerter object file:
segldr -o fnttobin_p3d fnttobin_p3d.o

Step 3

Run the grid coverter program (the binary filesr r _coar se. p3d will be output):
fnttobin_p3d

Step 4

Use the madfile to compile, link, and create theeeutable for the MaGGIE code (be sure
magl. h is in the current directory):

make -f nmakemaggi e _cray

Step 5
Run the MaGGiE code (the fiter | p. bi n will be output):

nmaggi e < maggi e.inp

Step 6

Use the madfile to compile, link, and create thgeeutable for ther ecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 7
Run thepr ecf | 3d code (the:f I x. h files will be output):

precfl3d < Isrr.inp

Step 8
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 9
Run the CFL3D code:
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cfl3d < Isrr.inp

The input file for this case is:

1/0O FILES
| srr_coarse. p3d
pl ot 3dg. bin
pl ot 3dq. bin
cfl 3d. out
cfl3d.res
cfl3d.turres
cfl 3d. bl omax
cfl 3d. out 15
cfl 3d. prout
cfl 3d. out 20
ovrlp.bin
patch. bin
restart.bin

2D nodel of Pratt & Whitney Large Scale Rotating Rig (LSRR) - 50% Axi al Gap

XMACH ALPHA BETA REUE,ML  TINF, DR [ALPH | HSTRY

0. 070 0. 000 0.0 0.1 520.0 1 0

SREF CREF BREF XNC YMC ZMC
1.00000 1.00000  1.0000  0.00000 0.0000  0.0000
DT IREST | FLAGTS FMAX UNST  CFL_TAU

+1. 0000 0 000 1.00 1 5.

NGRID NPLOT3D  NPRINT  NWREST I CHK 12D NTSTEP I TA
-14 14 0 100 0 1 1500 -2
NCG IEM IADVANCE  [FORCE IVISC(1) IVISC(J) [IWVISCK)

1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 1 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
1 0 0 0 0 0 5
DI M JDI'M KDl M
002 55 23
002 61 21
002 55 23
002 61 21
002 55 23
002 61 21
002 61 23
002 61 21
002 61 23
002 61 21
002 61 23
002 61 21
002 61 23
002 61 21
ILAMLO | LAWHI JLAMLO  JLAMH KLAMLO  KLAWHI
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
00 00 000 000 0 0000
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0 0
5 1 0 0 0 0 0 0
6 1 2004 0 0 0 0 2
TwW Ti nf Cq
0. 0.
7 1 0 0 0 0 0 0
8 1 2004 0 0 0 0 2
TwW Ti nf Cq
0. 0.
9 1 0 0 0 0 0 0
10 1 2004 0 0 0 0 2
TwW Ti nf Cq
0. 0.
11 1 0 0 0 0 0 0
12 1 2004 0 0 0 0 2
TwW Ti nf Cq
0. 0.
13 1 0 0 0 0 0 0
14 1 2004 0 0 0 0 2
TwW Ti nf Cq
0. 0
KDOM GRID  SEGMVENT BCTYPE | STA | END JSTA JEND NDATA
1 1 0 0 0 0 0 0
2 1 0 0 0 0 0 0
3 1 0 0 0 0 0 0
4 1 0 0 0 0 0 0
5 1 0 0 0 0 0 0
6 1 0 0 0 0 0 0
7 1 0 0 0 0 0 0
8 1 0 0 0 0 0 0
9 1 0 0 0 0 0 0
10 1 0 0 0 0 0 0
11 1 0 0 0 0 0 0
12 1 0 0 0 0 0 0
13 1 0 0 0 0 0 0
14 1 0 0 0 0 0 0
MBEQ MGFLAG | CONSF MIT NGAM
1 1 1 0 01
I SSC EPSSC(1) EPSSC(2) EPSSC(3) I SSR EPSSR(1) EPSSR(2) EPSSR(3)
0 .3 .3 .3 0 .3 .3 .3
NCYC MGLEVG NEMGL Nl TFO
5 02 00 000
MT1 M T2 M T3 M T4 M T5
01 01 01 01 01
1-1 BLOCKI NG DATA:
NBLI
14
NUMBER GRID ISTA JSTA KSTA |IEND JEND KEND |ISVAL | SVA2
1 2 1 1 1 2 1 21 1 3
2 4 1 1 1 2 1 21 1 3
3 6 1 1 1 2 1 21 1 3
4 8 1 1 1 2 1 21 1 3
5 10 1 1 1 2 1 21 1 3
6 12 1 1 1 2 1 21 1 3
7 14 1 1 1 2 1 21 1 3
8 1 1 1 1 2 55 1 1 2
9 7 1 1 1 2 61 1 1 2
10 1 1 1 23 2 55 23 1 2
11 3 1 1 23 2 55 23 1 2
12 7 1 1 23 2 61 23 1 2
13 9 1 1 23 2 61 23 1 2
14 11 1 1 23 2 61 23 1 2
NUMBER CRID ISTA JSTA KSTA |IEND JEND KEND [|SVAl | SVA2
1 2 1 61 1 2 61 21 1 3
2 4 1 61 1 2 61 21 1 3
3 6 1 61 1 2 61 21 1 3
4 8 1 61 1 2 61 21 1 3
5 10 1 61 1 2 61 21 1 3
6 12 1 61 1 2 61 21 1 3
7 14 1 61 1 2 61 21 1 3
8 5 1 1 23 2 55 23 1 2
9 13 1 1 23 2 61 23 1 2
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10 3 1 1 1 2
11 5 1 1 1 2
12 9 1 1 1 2
13 11 1 1 1 2
14 13 1 1 1 2
PATCH SURFACE DATA:
NI NTER
0
PLOT3D OUTPUT:
BLOCK | PTYPE | START IEND |INC JSTART JEND
1 0 1 001 1 01 999
2 0 1 001 1 01 999
3 0 1 001 1 01 999
4 0 1 001 1 01 999
5 0 1 001 1 01 999
6 0 1 001 1 01 999
7 0 1 001 1 01 999
8 0 1 001 1 01 999
9 0 1 001 1 01 999
10 0 1 001 1 01 999
11 0 1 001 1 01 999
12 0 1 001 1 01 999
13 0 1 001 1 01 999
14 0 1 001 1 01 999
MoVl E
0
PRI NT QUT:
BLOCK | PTYPE | START IEND |INC JSTART JEND
CONTROL SURFACES:
NCS
7
GRID ISTA IEND JSTA JEND KSTA KEND |IWALL
7 1 2 999 999 0 0 0
9 1 2 999 999 0 0 0
11 1 2 999 999 0 0 0
13 1 2 999 999 0 0 0
1 1 2 1 1 0 0 0
3 1 2 1 1 0 0 0
5 1 2 1 1 0 0 0
MOVI NG GRI D DATA - TRANSLATI ON
NTRANS
9
LREF
1.0
GRID ITRANS RFREQ UTRANS VTRANS  WIRANS
7 1 0. 0. 0. -0.0897
8 1 0. 0. 0. -0.0897
9 1 0. 0. 0. -0.0897
10 1 0. 0. 0. -0.0897
11 1 0. 0. 0. -0.0897
12 1 0. 0. 0. -0.0897
13 1 0. 0. 0. -0.0897
14 1 0. 0. 0. -0.0897
0 1 0. 0. 0. -0.0897
GRID DXMAX  DYMAX DZMAX
7 0. 0. -24.23514
8 0. 0. -24.23514
9 0. 0. -24.23514
10 0. 0. -24.23514
11 0. 0. -24.23514
12 0. 0. -24.23514
13 0. 0. -24.23514
14 0. 0. -24.23514
0 0. 0. -24.23514
MOVI NG GRI D DATA - ROTATI ON
NROTAT
0
LREF
GRID | ROTAT RFREQ OVEGAX OMEGAY  OMVEGAZ
GRID THXMAX  THYMAX  THZMAX

DYNAM C PATCH | NPUT DATA
NI NTER

55 1 1 2
55 1 1 2
61 1 1 2
61 1 1 2
61 1 1 2
JINC KSTART KEND KINC
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
1 1 999 1
JINC KSTART KEND KINC
I NORM
1
1
1
1
0
0
0
XORIG YORIG ZORIG
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7
INT IFIT LIMT I TMAX MCXI E MCETA GO | ORPH I TOSS
1 1 1 30 0 0 0 0 1
2 1 1 30 0 0 0 0 1
3 1 1 30 0 0 0 0 1
4 1 1 30 0 0 0 0 1
5 1 1 30 0 0 0 0 1
6 1 1 30 0 0 0 0 1
7 1 1 30 0 0 0 0 1
I NT TO XIE1 Xl E2 ETAL ETA2 NFB
1 122 0 0 0 0 6
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
721 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
921 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
1121 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
1321 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
721 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 24.23514 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
921 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 24.23514 0. 0. 0.
I NT TO XIE1 Xl E2 ETAL ETA2 NFB
2 322 0 0 0 0 6
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
921 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
1121 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
1321 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
721 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 24.23514 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
921 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 24.23514 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
1121 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 24.23514 0. 0. 0.
I NT TO XIE1 Xl E2 ETAL ETA2 NFB
3 522 0 0 0 0 6
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
1121 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
1321 0 0 0 0 0. 0.
DX DY Dz DTHETX  DTHETY  DTHETZ
0. 0. 0. 0. 0. 0.
FROM XIE1 Xl E2 ETAL ETA2 FACTJ FACTK
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The cowergence histories for residual, massvland rotor lift codfcient as shan in
Figure9-19 should be obtained.
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Figure 9-19. Cornvergence histories for rotestator case.
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9.2 Three-dimensional&st Cases

9.2.1Axisymmetric Bump Flow

This test case sabg for the turblent flov over an axisymmetricump. The flav is
modeled in 3-d using twcomputational planes (separated by an angle offedg with
periodic boundary conditions; henbetype is 2005 andlthtx is —=1.0 and 1.0 on the 10
and IDIM boundaries, respeatily. The grid consists of a single zone with a total of 36562
points. The memory requirement for thisample is 4.9 million wrds. A typical timing
for this case is 1026 CPU seconds on a €RMP (NASA LaRC's Sabre as of October
1996). A close-up of the grid near thentp is shan in Figure9-20.
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Figure 9-20. AXisymmetric lump grid.

Besides the CFL3D code, the follimg files are needed to run this test case:

File Description

bunmpvbsperiodic.inp input for CFL3D

bunp. grd formatted single plane grid
gridaxi . f corverter for creating 2 grid planes

The steps for running this case on the YMP are asafsilo
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Step 1

Compile the grid corerter code:
cft77 gridaxi.f

Step 2

Link the grid comerter object file:

segldr -o gridaxi gridaxi.o

Step 3

Run the grid coverter program (the binary filunpgr d. bi n will be output):
gri daxi

In answer to the question, type:

bunp. grd

Step 4

Use the madfile to compile, link, and create theeeutable for therecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 5

Run theprecf| 3d code (thef | x. h files will be output):
precfl 3d < bunpvb5periodic.inp

Step 6
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 7
Run the CFL3D code:
cfl3d < bunpv5periodic.inp

The input file for this case is:

1/ O FILES
bunpgrd. bin
pl ot 3dg. bin
pl ot 3dq. bin
cfl 3d. out
cfl3d.res
cfl3d.turres
cfl 3d. bl omax
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cfl 3d. out 15
cfl 3d. prout
cfl 3d. out 20
ovrlp.bin
patch. bin
restart.bin
Axi symmetric bunp flow, 3-d, using 2 planes and periodic BCs

XMACH ALPHA BETA REUE,ML  TINF, DR | ALPH I H ST
0.8750  00.000 0.0  02.660 460. 0 0 0
SREF CREF BREF XNC YMC ZMC
1.00000 1.00000  1.0000 0. 00000 0. 00 0. 00
DT IREST | FLAGTS FMAX UNST  CFLTAU
-05. 000 0 000  5.0000 0 10.
NGRID NPLOT3D  NPRINT  NWREST | CHK 12D NTSTEP I TA
1 1 1 1200 0 0 1 1
NCG IEM IADVANCE  I|FORCE IVISC(l) IVISC(J) [|WVISCK)
2 0 0 001 0 0 07
IDM  JDIM  KDIM
02 181 101
ILAMLO | LAWHI JLAMLO  JLAMH KLAMLO  KLAWHI
0 0 0 0 0 0
INEWG | GRIDC IS Js KS IE JE KE
0 0 0 0 0 0 0 0
IDIAG(1) IDIAGJ) IDIAGK) IFLIMI) IFLIMJ) [|FLIMK)
1 1 1 3 3 3
IFDS(1) IFDS(J) IFDS(K) RKAPO(1) RKAPO(J) RKAPO(K)
1 1 1  0.3333  0.3333  0.3333
GRID NBCIO  NBCI DI M NBCJO  NBCJDI M NBCKO NBCKDIM | OVRLP
1 1 1 1 1 1 1 0
10 GRID SEGMENT  BCTYPE JSTA JEND KSTA KEND NDATA
1 1 2005 0 0 0 0 4
NBLP DTHTX DTHTY DTHTZ
1 -1.0 0. 0.
IDM GRID SEGMVENT  BCTYPE JSTA JEND KSTA KEND NDATA
1 1 2005 0 0 0 0 4
NBLP DTHTX DTHTY DTHTZ
1 +1.0 0. 0.
Jo:  GRI SEGVENT  BCTYPE | STA | END KSTA KEND NDATA
1 1 1003 0 0 0 0 0
JD'M GRID SEGMENT  BCTYPE | STA | END KSTA KEND NDATA
1 1 1003 0 0 0 0 0
KO: GRID SEGMENT  BCTYPE | STA | END JSTA JEND NDATA
1 1 2004 0 0 0 0 2
TWI'YPE oQ
0. 0.
KDOM GRID SEGMVENT  BCTYPE | STA | END JSTA JEND NDATA
1 1 1003 0 0 0 0 0
MSEQ  MGFLAG | CONSF MIT NGAM
1 1 0 0 02
| SSC EPSSSC( 1) EPSSSC( 2) EPSSSC( 3) | SSR EPSSSR(1) EPSSSR(2) EPSSSR(3)
0 0.3 0 0.3 0.3 0.3
NCYC — MGLEVG NEI\/G_ NI TFO
1100 03 00 000
M T1 M T2 M T3 M T4 M T5 M T6 M T7 M T8
01 01 01 01 01 1 1 1
1-1 BLOCKI NG DATA:
NBLI
0
NUVBER GRID : ISTA JSTA KSTA IEND JEND KEND |SVAL |SVA2
NUVBER GRID : ISTA JSTA KSTA IEND JEND KEND [SVAL |SVA2
PATCH SURFACE DATA:
NI NTER
0
PLOT3D OUTPUT:
BLOCK | PTYPE ISTART IEND |INC JSTART JEND JINC KSTART KEND KINC
1 0 0 0 0 0 0 0 0 0 0
| MOVI E
0
PRI NT QUT:
BLOCK | PTYPE ISTART IEND [|INC JSTART JEND JINC KSTART KEND KINC
1 0 1 1 1 0 0 0 1 1 1

CONTROL SURFACE:
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9.2.1 Axisymmetric Bump Flow

NCS
0
GRI D | START IEND JSTART JEND  KSTART KEND [WALL | NORM

After running this test case, the sergence history plots shm in Figure9-21 should
be duplicated.

x107*
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6 —
©
© I
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% CQ 4
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2
79 1 | 1 | 1 | O 1 | Il | Il |
0.0 0.5 1.0 1.5 x10° 0.0 0.5 1.0 1.5 x10°
cycles cycles
a) residual history b) lift coefficient history
—4 -3
x10 x10
8 2~
6 1+
Cy 4t C, o
2k -1 F
O 1 | 1 | 1 | 72 1 | 1 | 1 |
0.0 0.5 1.0 1.5 x10° 0.0 0.5 1.0 1.5 x10°
cycles cycles

c) drag coefficient history d) moment coefficient history
Figure 9-21. Residual and cogient histories for axisymmetriaump flov case
M., = 0.875 Re; = 2.66x 10°.
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Also, a result such as that shin Figure9-22 should be obtained. In the figure, sur-
face pressure cdefients are plotted along witlxgerimental data for this case. The com-
putational suidice pressures can be obtained fronxfilesd. pr out . Experimental sudce
pressure coéitients from Bachalo et. &are included with this test case for comparison
purposes. The file is callednpcpdat a. dat .

-2.0
r ____ computation (SST model)
_15L o experiment
C
p

0.0

05 1 | 1 | 1 | 1 | 1 | 1 J
0.4 06 0.8 1.0 1.2 1.4 1.6

X
Figure 9-22. Pressure co@€ients for axisymmetriclomp case

M., = 0.875, Re; = 2.66x 10°.
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9.2.2 F-5Wing

9.2.2F-5 Wing

The inviscid flov over an F-5 wing is sold in this test case. The grid consists of a
single grid zone with a C-H mesh topology and is composed of 210,177 points. The mem-
ory requirement for thisxample is 10.5 million wrds. A typical timing for this case is
984 CPU seconds on a CRA'MP (NASA LaRC’'s Sabre as of September 1996). The
wing surfice grid and ake, as well as the plane of symmetry grid are illustrated in
Figure9-23.

Figure 9-23. Single zone F-5 wing swate grid and plane of symmetry grid.

Besides the CFL3D code the fallmg files are needed to run this test case:

File Description

f5wi ng.inp input for CFL3D

f5grid. dat formatted wing section grid
f5wing_grid.f grid corverter

The steps for running this case on the YMP are asafsilo

Step 1

Compile the grid corerter code:
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cft77 f5wing_grid.f

Step 2
Link the grid cownerter object file:

segldr -o f5wing_grid f5wing_grid.o

Step 3

Run the grid coverter program to generate the 3-dlume grid (the binary file
f 5w ng. gr d will be output):

f5wi ng_grid

Step 4

Use the madfile to compile, link, and create thgeeutable for therecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 5

Run theprecf| 3d code (thef | x. h files will be output):
precfl 3d < f5w ng.inp

Step 6
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 7
Run the CFL3D code:
cfl3d < f5wing.inp

The input file for this case is:

I/ 0O FI LES:

f 5w ng. grd

pl ot 3dg. bin

pl ot 3dq. bin

cfl 3d. out

cfl3d.res

cfl3d.turres

cfl 3d. bl omax

cfl 3d. out 15

cfl 3d. prout

cfl 3d. out 20

ovrlp.bin

patch. bin

restart.bin
F5 Wng, cfl3d type grid
XMACH ALPHA BETA REUE,ML  TINF DR | ALPH | H ST
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9.2.2 F-5Wing

0.950  00.000 0.0 0. 950 460.0 0 0
SREF CREF BREF XNC YMC ZNMC
1.00000 1.00000  1.0000 0.25000 0. 00 0. 00
DT IREST | FLAGTS FMAX UNST  CFLTAU
-5.000 0 000 1. 000 0 10.
NGRID NPLOT3D  NPRINT  NWREST | CHK 12D NTSTEP I TA
1 0 0 100 0 0 1 1
NCG IEM 1ADVANCE  IFORCE IVISC(l) IVISC(J) |VISC(K)
2 0 0 1 0 0 0
IDIM JDI'M KDl M
33 193 33
[LAMLO | LAMHI JLAMLO  JLAWMHI KLAMLO  KLAMHI
00 00 000 000 0 0000
INEWG | GRIDC I'S JS KS IE JE KE
0 0 0 0 0 0 0 0
IDAG(1) IDIAGJ) IDIAGK) [FLIMI) IFLIMJ) [|FLIMK)
1 1 1 3 3 3
IFDS(1)  IFDS(J) IFDS(K) RKAPO(1) RKAPO(J) RKAPO(K)
1 1 1 . 3333 . 3333 . 3333
GRI D NBCIO NBCIDIM NBCJO NBCJDIM NBCKO NBCKDIM | OVRLP
1 1 1 1 1 4 1 0
10 GRID SEGVENT  BCTYPE JSTA JEND KSTA KEND NDATA
1 1 1001 0 0 0 0 0
IDM GRID SEGVENT  BCTYPE JSTA JEND KSTA KEND NDATA
1 1 1002 0 0 0 0 0
JO:  GRID SEGMENT  BCTYPE | STA | END KSTA KEND NDATA
1 1 1003 0 0 0 0 0
JD'M GRID SEGMENT  BCTYPE | STA | END KSTA KEND NDATA
1 1 1003 0 0 0 0 0
KO: GRID SEGVENT  BCTYPE | STA | END JSTA JEND NDATA
1 1 0 1 33 1 41 0
1 2 1005 1 21 41 153 0
1 3 0 21 33 41 153 0
1 4 0 1 33 153 193 0
KDOM GRID SEGVENT  BCTYPE | STA | END JSTA JEND NDATA
1 1 1003 0 0 0 0 0
MSEQ  MGFLAG | CONSF MIT NGAM
3 1 0 0 02
| SSC EPSSSC(1) EPSSSC(2) EPSSSC(3) | SSR EPSSSR(1) EPSSSR(2) EPSSSR(3)
0 0.3 0.3 0.3 0 0.3 0.3 0.3
NCYC — MGLEVG NEMGL NI TFO
200 01 00 000
200 02 00 000
200 03 00 000
M T1 M T2 M T3 M T4 M T5
01 01 01 01 01
01 01 01 01 01
01 01 01 01 01
1-1 BLOCKI NG DATA:
NBL|
2
NUMBER GRI D : ISTA JSTA KSTA IEND JEND KEND ISVAL |SVA2
1 1 1 1 1 33 41 1 1 2
2 1 21 41 1 33 97 1 1 2
NUMBER  GRI D : ISTA JSTA KSTA IEND JEND KEND ISVAL |SVA2
1 1 1 193 1 33 153 1 1 2
2 1 21 153 1 33 97 1 1 2
PATCH SURFACE DATA:
NI NTER
0
PLOT3D QUTPUT:
GRID IPTYPE ISTART |END |INC JSTART JEND JINC KSTART KEND KINC
MOVI E
0
PRI NT OUT:
GRID IPTYPE ISTART |END |INC JSTART JEND JINC KSTART KEND KINC
CONTROL  SURFACE:
NCS

0
GRI D | START IEND JSTART JEND  KSTART KEND | WALL | NORM
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After this test case is run, the eergence historyfound in filecf! 3d. res, should
look like that plotted in Figur8-24. The tw sharp spi&s in the residual history are at the
iterations at which the gridvels change in the mesh sequencing procedure.

-3 - 0.02 -
TN
re 0.00 {
>
o
o ¢
-
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g —0.02 |
-8 L | L | L | —~0.04 L | L | L |
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cycles cycles
a) residual history b) lift coefficient history
0.020 - 0.005
0.000 I
0.015 |
—0.005
Cy 0.010 C,
-0.010
0.005 |
-0.015
0.000 | | | | | | —0.020 | | | | | |
0 200 400 600 0 200 400 600
cycles cycles

c) drag coefficient history d) moment coefficient history

Figure 9-24. Cornvergence histories for single grid F-5 wing case;
a =0.0,M_, = 0.95.
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9.2.3 Onera M-6 Wing

9.2.30nerl M-6 Wng

In this case, a tutllent Navier-Stokes computation is performeder the Onera M-6
wing, on a coarse grid, using a grid in PL3D-type format is performed. The grid con-
sists of a single grid zone with a C-O mesh topology and is composed of 41,225 points.
(Keep in mind that one needs a grid at least double this size in each direction, e.g.
193x 49 x 33 or lager, to actually resok the flav. A coarser grid is used here to shorten
the test run.) The wing sade grid and wake, as well as the plane of symmetry grid are
illustrated in Figuré®-25. The memory requirement for thisaenple is 3.4 million wrds.
A typical timing for this case is 453 CPU seconds on aXCKRKMP (NASA LaRC'’s Sabre
as of September 1996).

.

Figure 9-25. Single zone Onera wing sade grid and plane of symmetry grid.

7

The viscous direction in this PO@D-formatted grid is tadn as thg direction rather
than thek direction as generally recommended. (Due to the order in which CFL3D
approximately &ctors the three indealirections, the CFL3D code is usually mogicegnt
when the primary viscous direction is éakas thek direction.) In this case, the ogar-

gence is not hurt by the altered directionalfty some cases, tvaver, it can be!) Note,
however, that this casés more eficient (CPU tim&ise) when run on aector machine

with k as the viscous direction, due to the distiitn of indviduali, j, k index lengths
and the vay the code isectorized. Br this case, the ddrence on Sabre is adtor of 17%
(with a CFL3D-typek viscous grid, the code runs in 374 seconds as opposed to 453 sec-
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onds). It is possible to duplicate this result by changing the hard-wired parametesd
to 0 in thefornkbin.f file and using the input filenerans.inp_cfl 3d instead of
oner ané. i np_p3d. This eercise will demonstrate the thfences between POGD-type
and CFL3D-type grids, as well as the correspondirfgreifices in the input files.

Besides the CFL3D code the fallmg files are needed to run this test case:

Eile Description
oner anb. i np_p3d input for CFL3D
m6_i 97.fmt _p3d formatted grid

f or n2bi n. f grid corverter

The steps for running this case on the YMP are asafsilo

Step 1
Compile the grid corerter code:
cft77 fornkbin.f

Step 2
Link the grid comerter object file:
segl dr -o fornmbin fornbin.o

Step 3

Run the grid coverter program to generate the 3-dlume grid (the binary file
n6_i 97. gr d_p3d will be output):

f or n2bi n

Step 4

Use the madfile to compile, link, and create theeeutable for therecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 5

Run theprecf| 3d code (thef | x. h files will be output):
precfl 3d < oneranb.inp_p3d

Step 6
Use the madfile to compile, link, and create theeeutable for the CFL3D code:
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9.2.3 Onera M-6 Wing

make -f makecfl 3d_cray

Step 7

Run the CFL3D code:
cfl3d < oneranb.inp_p3d

The input file for this case is:

I/ O FI LES:
nm6_i 97. grd_p3d
pl ot 3dg. bi n
pl ot 3dg. bi n
cfl 3d. out
cfl3d.res
cfl3d.turres
cfl 3d. bl omax
cfl 3d. out 15
cfl 3d. prout
cfl 3d. out 20
ovrlp.bin
patch. bin
restart.bin
ONERA M6 W ng, plot3d type
XMACH ALPHA BETA
0. 8400 03. 060 0.0
SREF CREF BREF
0. 53080 1. 00000 3. 9249
DT | REST | FLAGTS
-5.000 0 000
NGRI D NPLOT3D NPRI NT
-1 1 0
NCG | EM | ADVANCE
2 0 0
IDI'M JDIM KDI M
97 25 17
| LAMLO | LAVHI JLAMLO
00 00 000
| NEWG | GRI DC IS
0 0 0
IDIAG(1) IDAXJ) |D AGK)
1 1 1
IFDS(1)  IFDS(J) | FDS(K)
1 1 1
GRI D NBCI 0 NBCI DI M
1 1 1
1 0: GRI D SEGVENT BCTYPE
1 1 1003
IDDM &RID SEGVENT BCTYPE
1 1 1003
JO: GRI D SEGVENT BCTYPE
1 1 0
1 2 2004
TWYPE cQ
0. 0.
1 3 0
JDOM GRID SEGVENT BCTYPE
1 1 1003
KO: GRID SEGVENT BCTYPE
1 1 1001
KDDM GRID SEGVENT BCTYPE
1 1 0
VBEQ MGFLAG | CONSF
2 1 0
| SSC EPSSSC(1) EPSSSC(2)
0 0.3 0.3
NCYC MELEVG NEMGL

grid,
REUE, M L
21. 660
XMC

0. 00000
FMAX

1. 000
NWREST
100

| FORCE
10

JLAWH
000
JS

0
IFLIM 1)
3

RKAPO( 1)
. 3333
NBCJO

3
JSTA
0
JSTA
0
| STA
1
13

85
| STA
0
| STA
0
| STA
0
MI'T

0
EPSSSC( 3)
0.3

NI TFO

coarse grid

TI NF, DR
540.0
YMC

0. 00

| UNST

0

I CHK

0
VI SC(1)
0

KLAMLO
0
KS

0
I FLI M J)
3

RKAPO( J)
. 3333
NBCIDI M
1

JEND

0

JEND

0

| END

13

85

97
| END
0
| END
0
| END
0
NGAM
02

I ALPH

1

ZMC

0. 00

CFLTAU
10.

I 2D

0
I VI SC(J)
5

KLAVH
0000
IE

0
I FLI M K)
3

RKAPO( K)
. 3333
NBCKO

1
KSTA

0
KSTA
0
KSTA

0
1

KSTA
JSTA
JSTA

| SSR EPSSSR( 1)

0

0.3

I H ST

NTSTEP

0

I VI SC(K)
0

NBCKDI M
KEND
KEND
KEND

17

KEND
JEND
JEND

EPSSSR( 2)
0.3

I TA

| OVRLP
NDATA
NDATA
NDATA

NDATA
NDATA
NDATA

EPSSSR( 3)
0.3
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200 02 00 000
300 02 00 000
MT1 M T2 M T3 M T4 M T5
01 01 01 01 01
01 01 01 01 01
1-1 BLOCKI NG DATA:
NBLI
2
NUMBER GRID : ISTA  JSTA KSTA |IEND JEND KEND |[|SVAl | SVA2
1 1 1 1 1 13 1 17 1 3
2 1 1 1 17 49 25 17 1 2
NUMBER GRID : ISTA JSTA KSTA |IEND JEND KEND |[|SVAl1 | SVA2
1 1 97 1 1 85 1 17 1 3
2 1 97 1 17 49 25 17 1 2
PATCH SURFACE DATA:
NI NTER
0
PLOT3D OUTPUT:
GRI D | PTYPE | START IEND 1INC JSTART JEND JINC KSTART KEND  KINC
1 0 0 0 0 0 0 0 0 0 0
MoVl E
0
PRI NT QUT:
GRI D | PTYPE | START IEND IINC JSTART JEND JI NC KSTART KEND  KINC
CONTROL SURFACE:

NCS
0
GRI D | START IEND JSTART JEND  KSTART KEND | WALL | NORM

After this test case is run, the e@mence histories, found in fikg | 3d. res, should
look like those plotted in Figui®26. The sharp spds in the plots indicate the iteration at
which the grid lgel changes in the mesh sequencing process.
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9.2.3 Onera M-6 Wing
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Figure 9-26. Convergence histories for single grid Onerawing case;
a =306,M, = 0.84.
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9.2.4Delta Wng

The laminar flav over a75° swept delta wing is sodd in this test case. The grid con-
sists of a single grid zone with 156,325 points. (Note that this grid is coarser than what one
would normally use to resavthis flav.) The memory requirement for thisaanple is 8.0
million words. A typical timing for this case is 2236 CPU seconds on aYCRMP
(NASA LaRC's Sabre as of September 1996). Theasarfgrid k = 1) and a trailing
edge grid plane are sha in Figure9-27.

Figure 9-27. Single zone delta wing sade grid and trailing edge plane grid.

Besides the CFL3D code the fallmg files are needed to run this test case:

File Description
delta.inp input for CFL3D
delta. fnt formatted grid

f or n2bi n. f grid corverter

The steps for running this case on the YMP are asafsilo

Step 1

Compile the grid corerter code:
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9.2.4 Delta Wing

cft77 fornkbin.f

Step 2
Link the grid cownerter object file:
segl dr -o fornmbin fornbin.o

Step 3

Run the grid coverter program to generate the 3edume grid (the binary filgel t a. bi n
will be output):

f or n2bi n

Step 4

Use the madfile to compile, link, and create thgeeutable for ther ecfl 3d code (be
surepr ecf | . h is in the current directory):

make -f makeprecfl 3d_cray

Step 5

Run theprecf| 3d code (thef | x. h files will be output):
precfl3d < delta.inp

Step 6
Use the madfile to compile, link, and create theeeutable for the CFL3D code:

make -f makecfl 3d_cray

Step 7
Run the CFL3D code:
cfl3d < delta.inp

The input file for this case is:

1/0 FILES

del ta. bin

pl ot 3dg. bin

pl ot 3dq. bin

cfl 3d. out

cfl3d.res

cfl3d.turres

cfl 3d. bl omax

cfl 3d. out 15

cfl 3d. prout

cfl 3d. out 20

ovrlp.bin

patch. bin

restart.bin

75 Degree Swept Delta Wng - 37x65x65 - Lam nar
XMACH ALPHA BETA REUE,ML  TINF DR | ALPH I H ST
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0.300  20.500 0.0 0. 500 460. 0 0 0
SREF CREF BREF XNC YMC ZMC
13398  1.00000  .53590  0.25000 0. 0.
DT IREST | FLAGTS FMAX UNST  CFLTAU
-10.0 0 0 1.0 0 10.
NGRID NPLOT3D  NPRINT  NWREST | CHK 12D NTSTEP I TA
1 1 0 0100 0 0 1 1
NCG IEM IADVANCE  I|FORCE IVISC(l) IVISC(J) IVISCK)
2 0 0 001 0 0 1
IDM  JDIM  KDIM
37 65 65
[LAMLO | LAWHI JLAMLO  JLAMH KLAMLO  KLAWHI
00 00 000 000 0 0000
INEWG | GRIDC 'S Js KS IE JE KE
0 0 0 0 0 0 0 0
IDIAG(1) IDIAGJ) IDIAGK) IFLIMI) IFLIMJ) [|FLIMK)
1 1 1 4 4 4
IFDS(1) IFDS(J) IFDS(K) RKAPO(1) RKAPO(J) RKAPO(K)
1 1 1 . 3333 . 3333 . 3333
GRID NBCIO  NBCI DI M NBCJO  NBCJDI M NBCKO NBCKDIM | OVRLP
1 1 1 1 1 3 1 0
10 GRID SEGMENT  BCTYPE JSTA JEND KSTA KEND  NDATA
1 1 1003 1 65 1 65 0
IDM GRID SEGMVENT  BCTYPE JSTA JEND KSTA KEND  NDATA
1 1 1003 1 65 1 65 0
JO: GRID SEGMENT  BCTYPE | STA | END KSTA KEND  NDATA
1 1 1001 1 37 1 65 0
JD'M GRID SEGMENT  BCTYPE | STA | END KSTA KEND  NDATA
1 1 1001 1 37 1 65 0
KO: GRID SEGMENT  BCTYPE | STA | END JSTA JEND  NDATA
1 1 1011 1 9 1 65 0
1 2 2004 9 25 1 65 2
TWI'YPE Q
- 1. 0.
1 3 0 25 37 1 65 0
KDOM GRID SEGVENT  BCTYPE | STA | END JSTA JEND  NDATA
1 1 1003 1 37 1 65 0
MSEQ  MGFLAG | CONSF MIT NGAM
1 1 1 0 02
| SSC EPSSSC(1) EPSSSC(2) EPSSSC(3) | SSR EPSSSR(1) EPSSSR(2) EPSSSR(3)
1 0.3 0.3 0.3 0 0.3 0.3 0.3
NCYC — MGLEVG NEMGL NI TFO
600 03 00 0000
M T1 M T2 M T3 M T4 M T5 M T6 M T7 M T8
01 01 01 01 01 1 1 1
1-1 BLOCKI NG DATA:
NBLI
1
NUVBER GRID : ISTA JSTA KSTA IEND JEND KEND [SVAL |SVA2
1 1 25 1 1 37 33 1 1 2
NUVBER GRID : ISTA JSTA KSTA IEND JEND KEND [|SVAL |SVA2
1 1 25 65 1 37 33 1 1 2
PATCH SURFACE DATA:
NI NTER
0
PLOT3D OUTPUT:
GRID IPTYPE ISTART IEND |INC JSTART JEND JINC KSTART KEND KINC
1 0 0 0 0 0 0 0 0 0 0
MOVI E
0
PRI NT QUT:
GRID I PTYPE ISTART |END |INC JSTART JEND JINC KSTART KEND KINC
CONTROL SURFACE:
NCS

0
GRI D | START IEND JSTART JEND  KSTART KEND | WALL | NORM

After this test case is run, the e@mgence histories, found in fikg | 3d. res, should
look like those plotted in Figur@-28.
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Figure 9-28. Convergence histories for single grid deltawing case; a = 20.5.
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